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ABSTRACT 
Understanding the importance of historic land-use legacies has become an integral 
aspect of natural resource ecology and management in recent years because it adds 
explanatory power to our current interpretation of ecosystem structure and function; it also 
reduces the likelihood of missteps in anticipating or managing future conditions. To these 
ends, the overall goal of my dissertation research was to identify the patterns of landscape 
and rural community change, and the relationships between them, in three rural Iowa 
townships between 1930 and 2002. To achieve this goal, three objectives were established 
(1) to holistically understand agricultural landscapes as linked socio-ecological systems by 
investigating the strength of linkages between agroecosystem and farm community change 
over time; (2) to assess the magnitude, rate, and direction of change in land cover for the 
purposes of understanding how landscape diversity and spatial complexity have changed 
over time; and (3) to understand the role of U.S. Farm Bill policy as a key driver of land-use 
and land-cover change over five policy eras. I used historical-comparative research design 
principles to guide the overall direction of the exploratory, descriptive, and explanatory 
components of this study. Metrics were derived from aerial photographs, agricultural 
censuses, and demographic censuses. Overall results showed that fostering the diversification 
rather than the further homogenization of agricultural landscapes was more likely to achieve 
the common goal of enhancing rural vitality. More heterogeneous landscapes could be 
expected to create more opportunities for the next generation of Iowa farmers and foster 
economic development. My historical-comparative analyses suggests that ways to get there 
might include reintegrating livestock and crop enterprises to once again capture production 
synergies; introducing more crops or different cropping systems, consistent with the natural 
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resource limitations of agricultural landscapes, to support existing or emerging markets for 
food, fiber, and fuel; and assisting rural communities assess infrastructure needs in support of 
existing or emerging markets for agricultural goods and services. To facilitate these new 
opportunities, a new approach to U.S. Farm Bill policy is needed. Historically, U.S. Farm 
Bill policy has employed a “command and control” resource management paradigm intent on 
isolating and controlling target variables (i.e., income stability on farms, commodity supply 
management, and soil protection). At the same time, non-target variables (i.e., environmental 
and social landscape factors) have unintentionally been allowed to slowly change, resulting 
in the overall erosion of agroecosystem resiliency. Because there is a growing sense that new 
Farm Bill policy approaches are needed to facilitate the transition to agricultural 
sustainability, methods that engage broader stakeholder groups and employ multidisciplinary 
perspectives are more likely to address the once non-target variables that are now visibly 
important (e.g., environmental degradation and rural community decline). Relinquishing 
command and control and instead adopting an adaptive management strategy, which 
acknowledges that human policies are designed to meet social objectives and must be 
continually modified and be flexible for adaptation to changing conditions, may provide the 
solution. 
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CHAPTER 1 
GENERAL INTRODUCTION 
 
 Researching the fundamental questions related to pattern and process in landscapes 
requires an understanding of the ecological context of a study area at different spatial and 
temporal scales (Turner, 1989; Turner et al., 2001). This approach begins with an analysis of 
past processes, both human and natural, that have brought the landscape to its current 
condition (Simpson et al., 1994; Turner and Ruscher, 1988; Heasley, 2003). Often these 
processes are hidden from human temporal perception because they occur over the course of 
decades and their effects lag years behind causes (Magnuson, 1990). Magnuson (1990) refers 
to long-term research as uncovering “the invisible present.”  
 Ecologists have traditionally recognized two categories of variables that drive 
landscape change: ecological drivers and drivers associated with human activity (Folke et al., 
1996; Redman et al., 2004; Foley et al., 2005). Ecological drivers include geologic setting, 
climate and its variation, patterns of productivity, hydrologic processes, and other 
biogeophysical factors (Redman et al., 2004). The driving forces associated with human 
activity have been the less-studied category (Ramankutty and Foley, 1999; Burgi et al., 2004; 
Liu et al., 2007) and include socioeconomic forces rooted in the economy; political 
programs, laws, and policy linked to socioeconomic needs; technological effects of human 
settlement; cultural imprints on the landscape and the inoculation of culture by a given 
landscape; and effects on natural forces (e.g., climate change and disturbances) (Nassauer, 
1995; Burgi et al., 2004). 
 Recognition of the importance of historic land-use legacies has become an integral 
aspect of ecology, conservation, and natural resource management in recent years (Foster et 
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al., 2003). According to Foster et al. (2003), this fundamental shift in thinking was driven by 
four factors: (1) expansion of ecological studies to regional scales where current and 
historical human activity is unavoidable, (2) realization that most “natural areas” have more 
cultural history than assumed, (3) recognition that legacies of land use are remarkably 
persistent, and (4) appreciation that history adds explanatory power to our understanding of 
modern structure and function and reduces missteps in anticipating or managing future 
conditions. 
 The need for such historical analyses and approaches that integrate human and natural 
systems is grounded in the fact that land-use activities by humans have resulted in many 
ecosystems losing resilience to become more spatially uniform, less functionally diverse, and 
more sensitive to disturbances (including pestilence) than otherwise could have been 
absorbed (Folke et al., 1996; Foley et al., 2005). Therefore, the interrelationship between 
people and their environment becomes visible upon the landscape, and it is the intent of 
landscape change studies to document and interpret these changes over time (Nassauer, 1995; 
Cunfer, 2005).  
 Changes in farm productivity, labor efficiency, and rural life are well documented 
(Heady et al., 1965; Paarlberg and Paarlberg, 2000), but less well documented are the 
unintended consequences of simplified, intensive farming systems that have evolved 
throughout the 20th century. Probable further simplification and intensification of annual 
cropping systems raises serious questions regarding the impact on landscape heterogeneity. 
This study defines landscape heterogeneity in terms of human social interaction, land cover 
composition and pattern, and environmental quality. A more heterogeneous landscape is 
expected to create opportunities for the next generation of Iowa farmers and to foster 
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economic development; natural resource protection; food, fiber, and fuel security; and 
ecological health. 
 The overall goal of my dissertation research was to identify the patterns and 
relationships of landscape and rural community change between 1930 and 2002. Historical-
comparative research design principles were used to guide the overall direction of the 
exploratory, descriptive, and explanatory components of this study. This approach does not 
involve a ridged set of standards or techniques; however, it is a powerful method for 
addressing big questions about macro level change or understanding processes that operate 
across time (Neuman, 2006). Design principles include conceptualizing the object of inquiry 
and locating, evaluating the quality of, organizing, and synthesizing the evidence (Neuman, 
2006). 
 I have applied the concept of human “driving forces” (Burgi et al., 2004) to three 
integrated environmental and social landscapes through a simplified heuristic model (Fig. 1). 
The model serves as an initial hypothesis regarding the complexity driving landscape change 
relative to a U.S. Corn Belt farming community (i.e., study area). Within the study area, it is 
hypothesized that linkages exist between metrics associated with social landscape (i.e., 
demographic) and environmental landscape (i.e., agroecosystem) change. The ovals represent 
the five primary driving forces of landscape change associated with human activity and the 
arrows represent the hypothesized direction and degree of their influence on the study area.  
 I expected and found that technical and socioeconomic developments—which make it 
increasingly profitable to substitute capital inputs for labor—had a significant impact on 
environmental and social landscape change over time (Fig. 1). Throughout the study period, 
U.S. agriculture was caught on a technology treadmill that involved cycles of introduction of 
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new technology, adoption by farmers, increased output, depressed prices, and further search 
for new technology to maintain income as falling prices threatened farm returns (Tweeten 
1970; Rhodes 1995). Socioeconomic changes, rooted in the larger economy, affected the 
social landscape directly and through the substitution of capital for labor. For example, 
changing lifestyles and quality of life expectations of Americans eased the transition of 
excess labor from agriculture to higher paying jobs in urban industry (Heady et al., 1965; 
Schwieder, 1993; Paarlberg and Paarlberg, 2000).  
 I also expected and found that U.S. Farm Bill policy has generally attempted to 
ameliorate the impact of chronic overproduction caused by revolutionary technical and 
socioeconomic developments in agriculture (Benedict and Stine, 1956; Heady et al., 1965; 
Green, 1990), influence the economic and social well-being of rural society (U.S. Congress, 
1998; Hurt, 2002), and protect the natural environment (Ribaudo et al., 2001; Cain and 
Lovejoy, 2004; Claassen et al., 2008) (Fig. 1). Over the course of the study period, U.S. Farm 
Bill policy revolved around a “command and control” (Gunderson, 2000) resource 
management paradigm intent on isolating and controlling target variables important to 
agricultural industry (i.e., income stability on farms, commodity supply management, and 
soil protection), while failing to address slow and unintentional changes in other variables 
(i.e., environmental and social landscape factors) of the system resulting in an overall erosion 
of agroecosystem resiliency.  
 Cultural imprints on the landscape and the inoculation of culture by the landscape 
were researched; however, they were found to be more important drivers of landscape change 
during the time from Euro-American settlement through the beginning of the 20th century. 
Likewise, the disruption of ecosystem processes and natural disturbance regimes caused by 
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human activity occurred primarily during this same time period. For the future, continued 
human impacts on ecosystem processes within and outside the study area may ultimately 
affect the study area in terms of regional climate change (Fig. 1). 
 The results reported in this study have generated new knowledge of how farming 
practices have evolved through the study period in three Iowa landscapes, how different 
components of the landscape interact, how farming practices impact the non-farm elements 
of the landscape and vice-versa, and how U.S. Farm Bill policy has functioned as a driver of 
landscape change. From these results, conclusions emerge regarding agroecosystem design 
that can be applied in the larger landscape context. My goal is that new knowledge gained 
through this research will assist Iowans and policy makers in formulating sound decisions for 
the future that support the sustainability of Iowa agriculture in terms of social, economic, and 
environmental wellbeing.  
 
Dissertation Organization 
 This dissertation is composed of three papers that were written for publication in 
scientific journals. Although not included here, a peer-reviewed extension publication will be 
written on this work for private landowners. Chapter 1 contains a general introduction of my 
dissertation research. Chapter 2 investigates the linkages between increasing simplification of 
the agroecosystem and increasing simplification of the farming community in three 
townships in Iowa. Chapter 3 focuses on the magnitude, rate, and direction of change in 
landscape diversity and spatial complexity in the townships from 1937 to 2002. Chapter 4 
provides an assessment of the role of U.S. Farm Bill policy has played as a key driver of 
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landscape change from 1930 to 2002. Chapter 5 concludes with general insights gained from 
this project. 
 Research design, data acquisition, analysis, and the preparation of the text were the 
responsibility of the candidate; Dr. Lisa A. Schulte provided guidance and editorial advice on 
all aspects of this research. Each member of my dissertation committee provided a 
combination of project guidance, advice on data acquisition, and editorial advice. In addition, 
a faculty member at Iowa State University (Dr. John C. Tyndall) provided a combination of 
project guidance and editorial advice and appears as a co-author on Chapter 4, which will be 
submitted to a scientific journal. 
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Figure 1. Heuristic model used to understand the complex interaction of the five primary 
driving forces of landscape change associated with human activity relative to the 
environmental and social landscape of three U.S. Corn Belt farming communities 
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CHAPTER 2 
ARE AGROECOSYSTEM AND FARMING COMMUNITY HOMOGENIZATION 
LINKED? THREE CASES FROM IOWA, USA 
A paper prepared for submission to Agriculture, Ecosystems, and Environment 
Paul W. Brown and Lisa A. Schulte 
Abstract 
The U.S. Corn Belt is a specific example where agriculture is highly developed and 
functions in a highly modified, human-dominated landscape in terms of land cover and 
hydrology. Tremendous increases in agricultural productivity have occurred in the 20th 
century from technical and economic developments, which have made it increasingly 
profitable to substitute capital inputs for labor in the Corn Belt. Less well documented are the 
impacts of simplified, intensive agroecosystems that have evolved from these developments 
on the social structure of the immediate farming community. Here we sought to holistically 
understand the impacts of this simplification on people and the land by viewing agricultural 
landscapes as linked socio-ecological systems and investigating how the strength of linkages 
between agroecosystem and farm community change over time. To achieve our objective, we 
collected data on 20 agroecosystem and farming community metrics within three townships 
in Iowa, USA between the period of 1930 and 2002. Metrics were derived from censuses and 
digitized aerial images and analyzed using a combination of graphical and statistical 
techniques. Overall, our analyses revealed strong linkages among the following metrics: 
increased dependence on row crop farming systems, growth in farm size, aging farm 
community population, decreased livestock numbers on farms, declining number of full-time 
farmers, fewer people on farms, and changes in farm tenancy. Three broad themes emerged 
as salient that are likely to further impact the long-term environmental resilience and the 
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viability of rural farming communities: the shifting scale of agriculture, the level of livestock 
production, and the interaction of these two factors with the farming community. A 
comparison of the three case study landscapes illuminated technological advances as a key 
driver of the expanding scale and as a source of disequilibrium within the farm community. 
By comparison, constraints imposed by the natural resource base serve to limit expansion. 
Our data also reveal the linkage between livestock and farm community vitality. Overall, the 
erosion of social structure or stability within the farming communities we studied has been a 
function of the degree to which agroecosystem simplification has occurred over time. These 
results suggest that heterogeneous agricultural landscapes, which include livestock as major 
components, foster community vitality and may offer more opportunities for the younger 
farmers. While we do not expect farmers or agricultural communities to “turn back the 
clock,” initiatives that foster the diversification rather than the further homogenization of 
agricultural landscapes are more likely to achieve the common goal of enhancing rural 
vitality.  
 
Introduction 
 Agriculture, as practiced in most developed nations today, is an example of a human 
land use that has transformed the biosphere through successive mechanical, petro-chemical, 
bio-genetic, and managerial revolutions (Paarlberg and Paarlberg, 2000; Foley et al., 2005). 
Croplands and pastures are now among the largest ecosystems on the planet, occupying more 
than 35% of the world’s ice-free land surface (Foley et al., 2007). During the latter half of the 
20th century, the intensification of agricultural land use practices and the corresponding two-
fold increase in crop yields were largely responsible for averting a global food shortage as 
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the human population also doubled (Evans, 1998; Cassman, 1999; Foley et al., 2007). 
Concomitant with the intensification of agricultural land use practices and gains in 
productivity, the ecological footprint of agriculture has increased and is now a major 
contributor to global greenhouse gas emissions, the development of oceanic hypoxic zones, 
and declines in biodiversity (Cassman, 1999; Foley et al., 2007; Kiers et al., 2008). Further 
increases in the ecological footprint of agriculture are expected as these lands are managed 
more intensively to meet present and future demands for food, fiber, and fuel, and as 
opportunities for agricultural land use expansion are exhausted (Anex et al., 2007; Foley et 
al., 2007). Such intensification is likely to further undermine the delivery of ecosystem 
services and the well-being of human communities (Foley et al., 2005; Kiers et al., 2008).  
  The U.S. Corn Belt provides an example of agriculture that is highly developed and 
functions in a highly modified, human-dominated ecosystem in terms of land cover and 
hydrology. Three states in this region—Indiana, Illinois, and Iowa—rank 48th, 49th, and 50th, 
respectively, in the proportion of native vegetation remaining out of the 50 states in the U.S. 
(Klopatek et al., 1979). Farming communities, once composed of numerous, small-to-
medium sized, and diversified family farms, now consist of significantly fewer, larger, 
simplified, and intensive farming operations that rely heavily on external inputs (Paarlberg 
and Paarlberg, 2000; Santelmann et al., 2004). Further simplification and intensification of 
annual cropping systems is probable (Searchinger et al., 2008), and it is expected to further 
impede the long-term environmental resilience and the viability of rural farming 
communities (Beeman and Pritchard, 2001; Santelmann et al., 2004; Jordan et al., 2007). For 
example, poor water quality in the Upper Mississippi watershed has been recognized as a 
national priority for over a decade (USGS, 1999; USGS, 2006). Row crop agriculture has 
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further been implicated as the primary cause of the hypoxic dead zone in the Gulf of Mexico 
(Rabalais et al., 2002; Donner and Kucharik, 2008). Corn Belt states are now losing medium 
sized, owner-operated farms. This situation, known as the disappearing middle, has further 
eroded the social capital of rural farming communities (Flora et al., 2004`). 
 Whereas changes in farm productivity, labor efficiency, and associated rural life are 
well documented in the Corn Belt (Heady, 1965; Tweeten, 1970; Schwieder, 1993; Paarlberg 
and Paarlberg, 2000), less well documented are the impacts of simplified, intensive 
agroecosystems on the immediate farming community (Pretty, 2002; Tegtmeier and Duffy, 
2004). An agroecosystem is generally defined as an individual farm, including its animal, 
biophysical, climatic, crop, and human components (Gliessman, 2000). A farming 
community is defined according to central-place theory and represents the social structure 
(i.e., demographic profile) that occurs within a specific geographic area of human activity 
(Iowa State Planning Board, 1935; Berry, 1967). For this study, simplification refers to the 
diminished complexity or diversity of either the agroecosystem or the farming community 
(Stoate et al., 2001; Western, 2001; Concepcion et al., 2008).  
Understanding the linkages between the changing agroecosystem and farming 
community requires investigating the interrelationship between people and their environment 
(Folke et al., 1996; Burgi et al., 2004; Redman et al., 2004). Recent integrated studies of 
ecosystems and human systems are revealing new and complex patterns and processes not 
evident when ecological and social facets are studied separately (Field et al., 2003; Foley et 
al., 2005; Liu et al., 2007). And recent research suggests that heterogeneous agroecosystems 
foster the more sustainable production of ecosystem goods and services and more stable 
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community development (Pretty and Smith, 2004; Boody, 2005; Hogberg et al., 2005; Jordan 
et al., 2007).  
Here we sought new insights by bridging traditional ecological and social disciplinary 
lines and viewing agricultural landscapes as socio-ecological systems, in which system 
components are fully integrated and co-evolve over time (Field et al., 2003; Foley et al., 
2005; Liu et al., 2007). To understand how this integration has changed under the 
mechanical, petro-chemical, bio-genetic, and managerial revolutions of the past century, and 
to pinpoint potential co-evolutionary processes, we asked: What are the linkages between 
agroecosystem and farming community change over time?  
We study these linkages by assessing changes in 20 agroecosystem and farming 
community metrics beginning in 1930 and ending in 2002. While several studies have 
hypothesized such linkages (Harris and Gilbert, 1982; Flora, 1995; Hogberg et al., 2005; 
Parton et al., 2007), there is a dearth of quantitative or empirical work from which to build a 
solid research foundation. We attempt to provide this documentation by investigating the 
hypothesis that increasing simplification of the agroecosystem is linked to increasing 
simplification of the farming community in three townships in Iowa, USA. We further expect 
that as agroecosystems become less diverse, the social structure or stability of the farming 
community is negatively affected. On the landscape this could be characterized by an 
agroecosystem that produces only one or two outputs (i.e., crops) in a simplified environment 
(e.g., uniform land cover) that, in turn, causes decay (e.g., an aging or declining human 
population) in the farming community.  
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Methods  
We selected three townships, each of which contained a small town, located in three 
different physiographic regions in Iowa, USA for our study areas. Purposive sampling was 
utilized, which is a form of nonrandom sampling used in special situations such as 
exploratory research (Neuman 2006). Using this sampling approach, the researcher selects 
cases that are especially informative and with a specific purpose in mind (Neuman 2006). 
The three physiographic regions selected coincide with three different major land 
resource areas (MLRA) (USDA, 2006), where we expected different farming systems to have 
evolved over the course of the study period. The MLRAs selected for study included: 103 – 
Central Iowa and Minnesota Till Prairies (hereafter, Glaciated Plain); 105 – Northern 
Mississippi Valley Loess Hills (hereafter, Driftless Area); and 108D – Illinois and Iowa Deep 
Loess and Drift (hereafter, Dissected Plain) (Fig. 1). The Glaciated Plain is a nearly level to 
gently rolling till plain, with elevation ranging from 300 to 400 m, though most local relief 
varies between 3 to 6 m. The Driftless Area consists of hilly uplands dissected by both large 
and small tributaries of the Mississippi River. Bottomland exists in narrow bands along 
streams. Elevation ranges from 200 m on the valley floors to 400 m on the highest ridges. 
Local relief also varies between 3 to 6 m, but reaches up to 15-30 m on valley walls along 
major streams and as much as 75 m on the Mississippi River bluffs above the river valley 
floor. The Dissected Plain is rolling to hilly, but some of the broad uplands far from the large 
streams are level to undulating. Smaller streams have narrow valley floors, but the large 
streams have broad flood plains. Elevation ranges from 210 m in the lowest valley floors to 
460 m on the highest ridges. Local relief is mainly 3 to 6 m, but valley floors can be 25-60 m 
below adjacent uplands. Some upland flats and valley floors have a local relief of just 1–2 m 
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(USDA, 2006). Other dominant characteristics of the MLRAs are described according to 
physiography, climate, land use, and major resource concerns (Table 1).  
Within each MLRA, we based criteria for township and small town selection on the 
results of a survey conducted by the Iowa State Planning Board in 1934–1935 (Iowa State 
Planning Board, 1935). At that time, towns and villages with populations ranging between 
300 and 499 were shown to have an average market center area of 108 km², just over the 93 
km² area of a township according to the rectangular survey system. We interpreted the 
market center area as roughly the area of land required to support the farming community. 
Concomitant with the Planning Board’s results, we selected townships containing a town 
with a population of between 300 and 499 people, according to the 1930 U.S. Census. The 
number of towns meeting the population range criteria were narrowed further by (1) selecting 
those having an elementary to high school education program in 1930 (Iowa Department of 
Public Instruction, 1930), (2) having at least one through highway in 1930 (Rand McNally, 
1930), and (3) being located at least 16 km from other population centers in 2002, due to 
urban growth that may have occurred since 1930. Sixty-nine small towns met these criteria in 
the three MLRAs. Among these towns, we chose three township–town combinations where 
the town was located closest to the center of the township: Orient–Orient in Adair County, 
Bloomfield–Delmar in Clinton County, and Denmark–Ringsted in Emmet County (Fig. 1). 
Thereby, the township approximated the market center area for the small town (i.e., the 
farming community).  
Data on agroecosystem and farming community characteristics were obtained from 
the U.S. Census of Agriculture, U.S. Census, Iowa State University farmland value database, 
and from historic aerial photographs (Table 2).  
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We purposely selected U.S. Census of Agriculture statistics from 1930, 1940, 1954, 
1969, 1982, and 2002 based on historic intervals of agricultural change associated with 
technological and economic developments (Heady, 1965; Tweeten, 1970; Schwieder, 1993; 
Paarlberg and Paarlberg, 2000). County data on land cover, tractors, and livestock were 
gleaned from the U.S. Census of Agriculture and adjusted to the township level. County 
statistics were divided by area of land in farms and then multiplied by the area of townships 
in farms, as derived from aerial photographs. Land cover data were taken from the U.S. 
Census of Agriculture rather than the aerial images because the Census data offered a higher 
level of detail. For example, whereas cropland cover from the aerial photos was only able to 
be differentiated to the level of row crops, the U.S. Census of Agriculture reported the 
percentage of corn and soybean cover on the landscape.  
We obtained township level population statistics from the U.S. Census. The decennial 
census years of 1930, 1940, 1950, 1970, 1980, and 2000 were purposely selected to coincide 
with the U.S. Census of Agriculture data.  
Numbers of rural farmsteads per township and average field size were derived from 
digitized aerial images. Because aerial photos were first taken in the late 1930s, these data 
were not available in the early part of that decade. Limitations associated with deriving the 
number of rural farmsteads from the digitized aerial images were the inability to (1) 
differentiate between abandoned and occupied farmsteads and (2) determine which 
farmsteads were occupied by active farmers versus acreage dwellers.  
Overall, we derived 20 metrics from the censuses, land value database, and digitized 
aerial images, each quantifying a different characteristic of the agroecosystem and farming 
community within our study townships (Table 3).  
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A limitation of comparing Census of Agriculture statistics over time should be noted 
because changes have occurred in the official definition of what constitutes a farm for census 
purposes. Since the inception of the Census in 1850, the acreage and dollar value limits 
associated with the definition were added, altered, or removed; however, the underlying 
premise remained the same and required that land be involved in or connected with 
agricultural operations and under the day-to-day control of a single management entity (e.g., 
individual, partnership, corporation, or other organization) (USDA, 2007). The current 
definition of a farm was first used in the 1974 Census of Agriculture and has been used in all 
subsequent censuses. A farm is any place from which $1,000 or more of agricultural products 
were produced and sold, or normally would have been sold, during the census year (USDA, 
2007). A major change in the sampling frame occurred in the 1997 Census when the 
enumeration included those farms with all acreage enrolled in the Conservation Reserve 
Program (CRP) or Wetlands Reserve Program (WRP) (USDA, 2007). The sampling frame 
was expanded again in the 2002 Census to account for all farms in the United States. An 
expanded sampling frame in 1997 and 2002 tends to inflate the number of farms in the lower 
sales categories and the number of part-time farmers.  
 We used a combination of nonmetric multidimensional scaling (NMS) and graphical 
analysis to investigate agricultural landscapes as socio-ecological systems and to test the 
following null hypothesis: Agroecosystem simplification is not associated with farming 
community simplification. NMS is an ordination method suited to data that are non-normal 
or on discontinuous scales, and it provides an iterative search for the best non-parametric, 
monotonic relationship to explain observed similarities or dissimilarities between 
investigated data (McCune and Grace, 2002). We used the NMS analysis to quantify the 
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direction (positive/negative) and extent of linkages between agroecosystem and farming 
community change. The NMS was performed in PC-ORD (McCune and Mefford, 1999) 
using the Bray-Curtis distance measure, a robust measure for ecological community data 
(McCune and Grace, 2002). Preliminary NMS analyses were run with as many as six 
ordination axes, but substantial contributions to stress reduction were consistently made by 
only the first two. The final NMS run included two axes, a random starting configuration, 
and one iteration with real data. This solution had a final stress of 5.22 and, based on 200 
iterations of the data, a final instability of 0.083, and was rotated -30 degrees to enhance 
interpretation of change over time. The amount of variation explained by the final solution 
can be considered high and the amount of stress, or the departure from monotonicity, low 
(McCune and Grace, 2002). We used graphical analysis as an aid in interpreting NMS results 
and to further reveal patterns of change over time.  
 
Results 
 The two ordination axes from the NMS together explained almost all of the variation 
in the data (r² = 0.98) and revealed the general extent and direction of change between 
townships and over time (Table 4; Fig. 2). Within the NMS, most of variance was explained 
by axis 1 (r² = 0.79) followed by axis 2 (r² = 0.19). Of the 20 metrics analyzed, ten were 
highly correlated (r > 0.68) with axis 1 (Table 4), including both those characterizing the 
agroecosystem and those characterizing the farming community, suggesting strong linkages 
in their change over time (Fig. 2). Number of hogs per township was the only metric highly 
correlated with axis 2 (Fig. 2). We have organized our results according to major themes 
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revealed by the NMS, including changes in the agroecosystem, livestock populations, and the 
farming community.  
 
The changing agroecosystem 
 Grain production has been a major agricultural enterprise on the Glaciated Plain, as 
represented by Denmark Township in Emmet County, throughout the study period (Figs. 3a, 
3c, and 3d). Initially, row crops (corn) and small grains (oats, wheat, barley, and flax) were 
the dominant cover types comprising 45% and 31% of the land cover, respectively. In 1930, 
for every hectare of soybeans there were 115 ha of small grains. The substitution of soybeans 
for small grains as a percent of the rotation increased steadily in the Glaciated Plain 
throughout the study period as corn–soybean rotations became the dominant cropping system 
(Fig. 3d). By 2002, for every hectare of small grains, there were 140 ha of soybeans. The 
marked shift to row crops (corn and soybeans) began early in the study period (Figs. 3a, 3c, 
and 3d) and, by 2002, row crops covered 93% of the land area (Fig. 3a).  
 Over the course of the study period, cropping systems remained more diverse in the 
Driftless Area, represented by Bloomfield Township in Clinton County, and in the Dissected 
Plain, represented by Orient Township in Adair County. Initially, dominant land cover types 
in the Driftless Area consisted of 45% row crops (corn) and 35% grassland and hay, whereas 
the Dissected Plain consisted of 46% grassland and hay and 25% row crops (corn). In 
contrast to the Glaciated Plain, row crop dominance actually declined between 1938 and 
1953 in the Driftless Area and Dissected Plain (Fig. 3a), concomitant with increases in the 
area devoted to small grains (Fig. 3c). These trends reversed thereafter, and declines in the 
area devoted to small grains were sharp as soybean acreage increased dramatically after 1953 
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(Figs. 3a, 3c, and 3d). The dominance of soybeans on the landscape grew at similar rates 
through the final time step in these areas, although at a slower rate than in the Glaciated 
Plain. By 2002, the ratio of soybeans to small grains was 34:1 and 76:1 in the Dissected Plain 
and Driftless Area, respectively. During the final time step, row crop dominance in the 
Dissected Plain and Driftless Area was 58% and 65%, respectively. Row crop dominance in 
the Driftless Area actually declined during the final time step (Fig. 3a) as area devoted to 
corn was reduced and the extent of land idled from agricultural production increased.  
 The scale or the size of farms remained relatively constant in all three townships from 
1930 to 1953 (Fig. 3e), which was an era characterized by diverse livestock enterprises on 
farms (Figs. 3f, 3g, 3h, 3i, and 3j). After 1953, farm size increased steadily in all three 
townships (Fig. 3e). Farm size grew at comparable rates in the Dissected and Glaciated 
Plains, with increases averaging 33% per time step (Fig. 3e). A key difference in scale 
between these two regions is related to row crop dominance (Fig. 3a), with the Dissected 
Plain being less dependent on row crops than the Glaciated Plain. Average farm size in the 
Driftless Area was the lowest, and it increased at a slower rate averaging 24% per time step 
after 1953 (Fig. 3e). Historically, farms in this region maintained higher livestock numbers 
overall (Figs. 3f, 3g, 3h, 3i, and 3j).  
 Field size was similar across the three physiographic regions at the beginning of the 
study period (Fig. 3b). Over time, row crop area (Fig. 3a) rose in tandem with increasing 
field size (Fig. 3b), loss of small grains (Fig. 3c), and an increase in soybeans (Fig. 3d) in 
each study area. The uniform landscape of the Glaciated Plain allowed field size to grow 
faster throughout the study period, an increase of 332% compared to increases of 77% in the 
Driftless Area and 92% in the Dissected Plain (Fig. 3b). The physical environment, in the 
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form of rolling topography, constrains field size to a much greater extent in the Dissected 
Plain and Driftless Area compared to the Glaciated Plain; however, field size increased 
steadily from 1953 through 1984 in both regions and then reached a plateau or declined 
slightly by 2002 (Fig. 3b). 
 
The changing number of livestock on farms  
 The amount and type of livestock on farms, whether held for power or the production 
of eggs, wool, meat, or milk, has changed dramatically in each physiographic region over the 
study period. Successive collapses of major livestock industries have moved livestock off 
farms beginning with horses (Fig. 3f), followed by chickens (Fig. 3g), sheep (Fig. 3h), cattle 
(Fig. 3i), and finally hogs (Fig. 3j). Between 1930 and 1982, the Driftless Area maintained 
the highest concentration of livestock on farms overall with horses, chickens, cattle, and hogs 
as dominant enterprises. During this same period, the Dissected Plain maintained the second 
highest concentration of livestock on farms focusing on sheep, cattle, and hog production. 
The Glaciated Plain maintained the lowest concentration of livestock on farms overall during 
this period with chickens and hogs being important enterprises. The number of hogs on farms 
changed dramatically in each study area from 1982 to 2002 (Fig. 3j). A shift in hog numbers 
occurred from traditional production areas like the Driftless Area and Dissected Plain, where 
numbers dropped 64% and 75%, respectively, to grain surplus areas such as the Glaciated 
Plain where numbers increased by 138% (Figs. 2 and 3j). 
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The changing farming community  
 As farms in the Glaciated Plain became less diverse, more specialized, and larger in 
size, the percentage of full-time farmers dropped, especially over the final time step (Fig. 3k). 
This study landscape also had the greatest increase in residents over the age of 65 (Fig. 3l), 
where the percentage increased from 9% in 1953 to 23% in 2002. The Glaciated Plain had 
the lowest ratio of rural-to-town residents (Fig. 3m) starting at 1.03:1 and ending at 0.35:1. 
The percentage of farmers renting all the land they farm dropped over the entire study period 
and for all study areas, but it has remained highest in the Glaciated Plain (Fig. 3n) reaching a 
peak of 64% in 1940 and declining to 18% in 2002.  
 The number of full-time farmers also declined in the Driftless Area and in the 
Dissected Plain (Fig. 3k). Historically, the percentage of full-time farmers was highest in the 
Driftless Area, where livestock numbers also were highest (Figs. 3f, 3g, 3h, 3i, and 3j). Thus, 
this region had the highest rural-to-town population ratio (Fig. 3m) starting the study period 
at 1.41:1 and ending at 0.68:1 and the lowest percentage of residents over the age of 65 (Fig. 
3l). The Driftless Area maintained an almost constant percentage of population over the age 
of 65 between 1930 and 1982, averaging 9% of the total population. During this time, 
increases in farm size and the rate of transition to row crop farming systems were lowest and 
livestock numbers on farms were highest (Figs. 3f, 3g, 3h, 3i, and 3j) of all time periods 
considered. However, as soybean percentages began to increase and fewer livestock were 
maintained on farms after 1982 (Figs. 3f, 3g, 3h, 3i, and 3j), the percentage of the population 
over 65 increased to 15% by 2002 (Fig. 3l). The Dissected Plain shows the second highest 
rural-to-town population ratio (Fig. 3m), starting at 1.08:1 and ending at 0.47:1, which is 
linked to the second highest livestock inventories (Figs. 3f, 3g, 3h, 3i, and 3j). However, the 
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Dissected Plain had the highest percentage of residents over the age of 65 between 1953 and 
1970, where the percent over 65 increased from 11% to 19%; it then leveled off and declined 
slightly to 17% by 2002 (Fig. 3l). Farm tenancy declined in the Dissected Plain and Driftless 
Area; these study areas had the lowest percentage of tenant farmers overall (Fig. 3n), with 
1940 and 2002 percentages of 53% and 9%, and 46% and 16%, respectively.  
 
Discussion 
 Our results and analysis have generated new knowledge of the structure of our three 
case study agricultural landscapes as socio-ecological systems and how linkages in the 
system components have coevolved over time. Associations have been identified that support 
our hypothesis that increasing simplification of the agroecosystem is linked to increasing 
simplification of the farming community; that is, as agroecosystems become less diverse, the 
social structure or stability of the farming community is affected. Salient linkages revealed 
by this analysis include increased dependence on row crop farming systems, growth in farm 
size, and an aging farming community population with decreased livestock numbers on 
farms, declining number of full-time farmers, fewer people on farms, and changes in farm 
tenancy (Fig. 2). Causation is beyond the scope of this study, but it lies in further study of 
“driving forces” that form a complex system of dependencies, interactions, and feedback 
loops leading to landscape change (Burgi et al., 2004). These include the role of 
technological advances, socioeconomic forces, farm policy, cultural imprints, and natural 
disturbances within this socio-ecological system. However, three broad trends emerged from 
our analyses that warrant further discussion: the shifting scale of agriculture, the importance 
of livestock production, and effects of these factors on the farming community. 
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The shifting scale of agriculture 
The shifting scale of agriculture was a predominant trend affecting the trajectory of 
agroecosystem and farm community change in our study. Although farm size remained 
relatively constant among the study areas from 1930 to 1953 (Fig. 3e), advances in 
technology and economic developments have extended the size or scope of the efficient 
agricultural production unit throughout the study period. While technology has, indeed, 
removed the drudgery of farm life and generated phenomenal increases in productivity, it 
also continues to be a major cause of disequilibrium in agriculture (Tweeten, 1970; Rhodes, 
1995). This disequilibrium was evident in our study areas as steady increases in farm size 
after 1953 (Fig. 3e) and through the successive collapses of major livestock enterprises 
brought about by the transition to large scale production systems (Figs. 3f, 3g, 3h, 3i, and 3j). 
These trends occurred in conjunction with steady declines in the percentage of full-time 
farmers and the ratio of rural-to-town population (Figs. 3k and 3m) and increases in the 
percent of township population over the age of 65 (Fig. 3l). Thus, a significant driving force 
of structural change in agriculture has been improved profitability by those who adopt new 
technologies and who continue to innovate on their own (Rhodes, 1995). Economies of scale 
are achieved when the average total cost per unit of output decreases as output increases 
(Kay and Edwards, 1994). In other words, the increased cost of investing in new technology 
is offset by increasing the size of the business (e.g., acres farmed or livestock produced), so 
fixed costs are spread over more units of production.  
Natural resource dependent farming communities have been affected by increasing 
economies of scale across the Corn Belt (Krannich and Luloff, 1991). An example is the 
increased dependence on specialized row crop agroecosystems and the concomitant growth 
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in field and farm size, also exemplified in our study areas. However, our results indicate that 
natural resource constraints may be a limiting factor in achieving economies of scale. For 
example, the uniform landscape of the Glaciated Plain allowed field size to grow faster 
throughout the study period, whereas the physical environment, in the form of rolling 
topography, constrained field size to a much greater extent in the Dissected Plain and 
Driftless Area (Figs. 3a, 3b, and 3e). Another example, where economies of scale have 
affected agroecosystem and farming community change, involves the repeated restructuring 
of livestock industries throughout the study period. The latest restructuring occurred in the 
swine industry where very large, specialized, capital-intensive, and hired labor production 
units have replaced smaller traditional independent family labor operations in farming 
communities (Hogberg et al., 2005; Jackson-Smith and Gillespie, 2005). From 1982 to 2002, 
traditional hog producing areas like the Dissected Plain and Driftless Area experienced 
reductions in hog numbers, whereas non-traditional production areas like the Glaciated Plain 
experienced an increase (Fig. 3j). However, this growth occurred primarily through large 
corporate integration within the hog industry rather than on multiple farm operations 
(Hogberg et al., 2005; Honeyman and Duffy, 2006). Where these changes have occurred, 
natural resource dependent farming communities have experienced unusually stagnant trends 
in population, income, and employment (Kassel and Carlin, 1999; Hogberg et al., 2005), 
trends reflected in our data (Figs. 3k, 3l, and 3m).  
 
The importance of livestock production  
A predominant trend revealed by our analysis is the importance of livestock on farms 
and the positive impact livestock production has had on the social structure or stability of the 
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farming community (Fig. 2). Historic livestock producing areas, such as the Driftless Area 
and Dissected Plain, have experienced greater diversity in land cover composition and 
pattern as various crops and cropping systems have been employed to produce livestock feed, 
forage, and bedding. Livestock on farms increases the demand for labor, which tends to keep 
farmers fully employed and provides opportunities for younger farmers to invest their 
“sweat” equity (Honeyman, 1996; Hogberg et al., 2005). Here again, the Glaciated Plain and 
the Driftless Area exemplify two extremes along a continuum demonstrating the historic 
impact of livestock production on the farming community (Figs. 3f, 3g, 3h, 3i, and 3j). At 
one end, the Glaciated Plain, with historically low livestock numbers on farms, experienced 
rapid growth in the age of township residents, the lowest number of full-time farmers, and 
the lowest number of people on farms (Figs. 3l, 3k, and 3m). At the other end of the 
continuum, the Driftless Area, with historically high livestock numbers on farms, maintained 
a younger population, more full-time farmers, and more people on farms (Figs. 3l, 3k, and 
3m). The significance of the livestock industry is again demonstrated by changes in Iowa’s 
swine industry, especially during the last time step (Fig. 2). During this period (1982–2002), 
the shift in hog numbers was significant from traditional production areas like the Driftless 
Area and Dissected Plain, where numbers dropped 64% and 75%, respectively, to grain 
surplus areas such as the Glaciated Plain, where numbers increased by 138% (Fig. 3j). 
Durrenberger and Thu (1996) found substantive indications that the industrialization (i.e., 
increasing farm size and concentration) of swine production is related to declining measures 
of rural social and economic well-being. Their analysis suggests “the number of hogs 
produced is not as important as the number of hog farms” (p. 413). Declines in well-being 
indicators, such as increased food stamp usage, were observed in rural areas with fewer 
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small-to-medium size hog operations (Durrenberger and Thu, 1996). The contribution of 
livestock production to community economic development in terms of jobs, population 
stability, and stronger social institutions is becoming well established (Hogberg et al. 2005). 
 
Effects on the farming community  
The impact of large-scale farms on the farming community has been a question of 
interest to researchers since the New Deal (Lobao, 1990; Stofferahn, 2006). An early 
landmark study was conducted in 1944 by USDA anthropologist Walter Goldschmidt who 
addressed the issue of farm production by large-scale corporate farms through a comparison 
of two rural California communities (Lobao, 1990). Goldschmidt (1946) found poorer 
socioeconomic conditions in the community characterized by large scale farms employing 
extensive hired labor. These conditions were reflected in poorer quality schools and public 
services and fewer churches, civic organizations, and retail establishments. In the community 
characterized by family owned and operated farms of small-to-medium scale, socioeconomic 
conditions were better in terms of thriving non-farm businesses, local organizations, and 
citizen engagement. Goldschmidt (1946) attributed the differences in community vitality to 
the differences in the type of farm operation, and concluded that small-to-medium scale 
family operated farms resulted in a community of middle class citizens with higher incomes 
and greater civic engagement. Numerous studies have followed Goldschmidt’s with the bulk 
of the evidence supporting what has become known as the “Goldschmidt hypothesis”: The 
impacts of industrialized farming on local communities are considered to be detrimental 
(Stofferahn, 2006).  
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The intent of our study was not to prove or disprove the Goldschmidt hypothesis but 
to better understand the quantifiable linkages between agroecosystem and farming 
community change from 1930 to 2002. In doing so, we uncovered some of the unintended 
consequences of simplified, intensive farming systems on farming communities. Our analysis 
suggests that agroecosystem simplification (i.e., one or two commodity crops produced on 
large fields or large concentrated livestock feeding operations) is linked to farming 
communities characterized by an aging human population, part-time farmers, fewer people 
on farms, and changing land tenure patterns. The social structure or stability of the farming 
community is a function of the degree to which agroecosystem simplification has occurred 
over time, often only limited by localized natural resource constraints. Trend line differences 
between the Glaciated Plain and the Driftless Area represent two trajectories, although these 
lines are converging as the old agricultural model of numerous small diversified farms fades 
away even in the Driftless Area (Fig. 3). For example, rising tenancy rates may affect farm 
community stability, as in the early part of the study period, because of an increasing number 
of landowners leasing farmland to others (Duffy, 2004). This trend is supported further by 
state-wide patterns in farmland ownership by those aged 65 years and older, which increased 
from 29% to 42% between 1982 and 1992, and subsequently to 48% in 2002 (Duffy, 2004). 
 
Conclusion 
Three township–town combinations, representing three distinct agricultural 
landscapes of the U.S. Corn Belt region, were studied as socio-ecological systems to 
determine how linkages between agroecosystem and farming community co-evolved from 
1930 to 2002. A comparison of the three case study landscapes revealed that: (1) 
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technological advances appear as key drivers of increased agroecosystem scale and hence are 
a source of disequilibrium within the farming community, (2) natural resource constraints are 
a limiting factor in achieving certain economies of scale within agroecosystems, (3) livestock 
numbers on farms are important to maintaining farm community vitality, and (4) social 
structure or stability of the farming community is a function of the degree to which 
agroecosystem simplification has occurred over time. These results suggest that 
heterogeneous agricultural landscapes, which include livestock as major components, foster 
community vitality and may offer more opportunities for the younger farmers.  
While we do not expect farmers or agricultural communities to “turn back the clock” 
on time and technology, initiatives that foster the diversification rather than the further 
homogenization of agricultural landscapes are more likely to achieve the common goal of 
enhancing rural vitality. Thus, opportunities for the future may include: (1) integrating the 
now separate livestock and crop enterprises to once again capture production synergies; (2) 
creating rural community economic development strategies that support the sustainable 
development of livestock production in conjunction with the next generation of farmers; and 
(3) introducing more crops or different cropping systems to support existing or emerging 
markets for food, fiber, and fuel.  
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 Table 1. Descriptions of major land resource areas (USDA 2006) selected for study. 
 Study region and major land resource area 
 Dissected Plain: Driftless Area: Glaciated Plain: 
 Illinois and Iowa Deep Loess and  
Drift, Western Part (108D) 
Northern Mississippi Valley Loess 
Hills (105) 
Central Iowa and Minnesota Till 
Prairies (103) 
 
Physiography 
 
This area is in the Dissected Till 
Plains Section of the Central Lowland 
Province of the Interior Plains. It is in 
a landform region locally called the 
Southern Iowa Drift Plain. Slopes are 
mostly rolling to hilly, but some broad 
ridgetops are nearly level to undulat-
ing, and areas bordering the major 
stream valleys are steep. Nearly level, 
broad valley floors are along a few 
large rivers. 
 
 
This area is in the Wisconsin Driftless 
Section of the Central Lowland 
Province of the Interior Plains. In 
Wisconsin, this area is often referred 
to as the “Driftless Area” because part 
of the region has undergone only 
limited landscape formation by glacial 
ice. The area consists mostly of gently 
sloping to rolling summits with 
steeper valley walls that join small to 
very large flood plains.  
 
This area is in the Western Lake 
Section of the Central Lowland 
Province of the Interior Plains. It is 
called the “Des Moines Lobe” of the 
Wisconsin-age ice sheet. It is mostly 
on a young, nearly level to gently 
rolling glaciated till plain with 
moraines and glacial lake plains in 
some areas. Natural lakes, marshes, 
and potholes occur throughout the 
area. 
 
Climate 
 Average annual precipitation 
 Average annual temperature 
 Average freeze-free period 
 
840 to 940 mm 
9 to 11° C 
185 days 
 
760 to 965 mm 
6 to 10° C 
175 days 
 
585 to 890 mm 
6 to 10° C 
175 days 
 
Land use 
 Cropland 
 Grassland 
 Forest 
 Urban development 
 Water 
 Other 
 
 
66% 
20% 
6% 
4% 
2% 
2% 
 
49% 
14% 
27% 
4% 
2% 
2% 
 
80% 
5% 
3% 
6% 
2% 
4% 
Major resource concerns Water erosion, depletion of organic 
matter in the soils, and poor water 
quality. 
Water erosion, depletion of organic 
matter in the soils, and poor water 
quality. 
Water erosion, depletion of organic 
matter in the soils, excess surface and 
subsurface water, and poor water 
quality. 
 
39 
40 
Table 2. Dates of aerial photographs for determination of the number of home sites per 
township.  
 
Study region Township Town Aerial photograph dates 
Dissected Plain Orient Orient 1938 1954 1970 1983 2002 
Driftless Area Bloomfield Delmar 1937 1951 1969 1984 2002 
Glaciated Plain Denmark Ringsted 1939 1953 1972 1985 2002 
 
 
 Table 3. The source of the 20 metrics used to characterize agroecosystem and farming community change. 
Variable Source Community Agroecosystem Measures 
Percent of township population over the age of 65 U.S. Census X  Community vitality 
Number of township residents under the age of 35 U.S. Census X  Community vitality 
Ratio of rural residents to town residents within township U.S. Census X  Agricultural dominance  
Number of rural farmsteads in township Aerial images X  Families living on land 
Percent of farmers in the county fully employed in farming Ag Census X  Generate a family living 
Percent of farmers in the county renting all the land they farm Ag Census X  Stability of community 
Average county land value as a percent of the state average land value  University data X  Community wealth 
County number of farm tractors per township Ag Census X  Technology adoption 
Average farm size in county Ag Census  X Scale of farming  
Percent corn in the county crop rotation Ag Census  X Land cover diversity  
Percent soybeans in the county crop rotation Ag Census  X Land cover diversity  
Percent small grain in the county crop rotation Ag Census  X Land cover diversity  
Percent hay in the county crop rotation Ag Census  X Land cover diversity  
Percent pasture in the county crop rotation Ag Census  X Land cover diversity  
Percent idled land in the county crop rotation Ag Census  X Land cover diversity  
County number of horses per township Ag Census  X Enterprise diversity  
County number of cattle per township Ag Census  X Enterprise diversity 
County number of swine per township Ag Census  X Enterprise diversity 
County number of chickens per township Ag Census  X Enterprise diversity 
County number of sheep per township Ag Census  X Enterprise diversity 
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Table 4. Correlations between the 20 metrics used to characterize agroecosystem and farming 
community change and non-metric multidimensional scaling (NMS) ordination axis. 
 
  Axis 1 Axis 2 
Metric r r 
Percent of township population over the age of 65 0.785 0.039 
Number of township residents under the age of 35 -0.646 0.234 
Ratio of rural residents to town residents within township -0.842 0.066 
Number of rural farmsteads in township -0.292 0.251 
Percent of farmers in the county fully employed in farming -0.903 0.046 
Percent of farmers in the county renting all the land they farm -0.887 -0.155 
Average county land value as a percent of the state average land value -0.048 0.149 
County number of farm tractors per township 0.518 0.394 
Average farm size in county 0.903 -0.099 
Percent corn in the county crop rotation 0.471 0.327 
Percent soybeans in the county crop rotation 0.843 -0.091 
Percent small grain in the county crop rotation -0.859 -0.067 
Percent hay in the county crop rotation -0.545 0.002 
Percent pasture in the county crop rotation -0.525 -0.094 
Percent idled land in the county crop rotation 0.259 -0.009 
County number of horses per township -0.682 -0.212 
County number of cattle per township 0.060 0.505 
County number of hogs per township 0.179 0.944 
County number of chickens per township -0.972 -0.016 
County number of sheep per township -0.682 -0.025 
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Figure 1. Location of study townships within Iowa counties and major land resource areas; 
small town located within township also shown. Inset: Location of Iowa within the 
Midwestern U.S.  
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Figure 2. Results of nonmetric multidimensional scaling (NMS) analysis showing salient 
changes in the township study areas per time step. The two ordination axes together 
explained almost all of the variation in the data (r² = 0.98) and revealed the general extent 
and direction of change between townships and over time. Most of variance was explained 
by axis 1 (r² = 0.79) followed by axis 2 (r² = 0.19). Several metrics highly correlated (r > 
0.68) with axis 1 are listed, suggesting strong linkages in their change over time. The number 
of hogs per township was the only metric highly correlated with axis 2.  
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Figure 3. Changes in A) row crop dominance, B) row crop field size, C) small grains in 
rotation, D) soybeans in rotation, E) farm size, F) horses per township, G) chickens per 
township, H) sheep per township. 
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Figure 3 (continued). Changes in I) cattle per township, J) hogs per township, K) full-time 
farmers, L) residents over the age of 65, M) ratio of rural to town population, and N) farm 
tenancy over time.  
47 
CHAPTER 3 
AGRICULTURAL LANDSCAPE DIVERSITY AND COMPLEXITY IN IOWA, USA 
 
A paper prepared for submission to Landscape Ecology 
Paul W. Brown and Lisa A. Schulte 
Abstract 
 Anthropogenic land use has primarily involved the conversion of natural ecosystems 
to managed agricultural systems, which in general have reduced biodiversity and altered 
biogeochemistry, especially of the water, carbon, and nitrogen cycles. The U.S. Corn Belt is 
a specific example where agriculture is highly developed and functions in a highly modified, 
human-dominated landscape in terms of land cover and hydrology. While the land-use and 
land- cover change that has occurred in the Corn Belt region over the last century is known to 
be substantial, few spatially explicit data exist from which to draw objective conclusions on 
impacts to landscape diversity and spatial complexity. To fill this void, we quantified and 
described how landscape diversity and spatial complexity have changed in three Iowa 
townships and determined how spatial heterogeneity has varied by physiographic region 
from 1937 to 2002. Data used in our analysis were derived from aerial photographs selected 
to coincide with periods of agricultural change, as marked by technological and economic 
developments. We used a combination of ecological measurement and graphical analysis, 
which revealed decreased landscape diversity in terms of composition and extent, increased 
row crop dominance, changes in spatial complexity in terms of increasing field size and 
decreasing number of fields, and erosion of infrastructure to support market center trade 
areas. We furthermore found key differences among the townships regarding the suitability 
of land resources for field crop cultivation, but each township was fairly consistent in 
48 
cultivating land subject to limitations. Three broad themes emerged as salient that are likely 
to further affect spatial heterogeneity in agricultural landscapes and the viability of market 
center trade areas: the shifting scale of agriculture, the intensive use of land for cultivation, 
and loss of strategic market center infrastructure. A comparison of the three case study 
landscapes illuminated that technological advances appear as a key driver of increased 
agroecosystem scale and hence are a source of disequilibrium in terms of spatial 
heterogeneity. By comparison, a lack of natural resource constraints allowed annual row 
crops to be produced more intensively; thus, posing greater landscape homogenization. Our 
data also reveal the loss of strategic market center infrastructure on the landscape may affect 
the ability of rural trade areas to participate in new opportunities. While we do not expect 
farmers or agricultural communities to “turn back the clock” on time and technology, 
initiatives that foster the diversification rather than the further homogenization of agricultural 
landscapes may be more likely to achieve the common goal of enhancing agroecosystem 
sustainability. 
 
Introduction 
Historic land uses exert strong and lasting impacts on vegetation patterns and 
ecosystem processes (Medley et al 1995; Gerhardt and Foster 2002; Donner 2003). 
Agriculture, as one predominant anthropogenic land use, has involved primarily the 
conversion of natural ecosystems to highly managed systems (Ramankutty and Foley 1999; 
Huston 2005). The clearing of natural vegetation for agriculture has reduced biodiversity and 
altered biogeochemistry, especially of the water, carbon, and nitrogen cycles, in most parts of 
the world (Ramankutty and Foley 1999; Donner 2003). Croplands and pastures are now 
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among the largest ecosystems on the planet, occupying more than 35% of the world’s ice-
free land surface (Foley et al 2007). The ecological footprint of agriculture has increased 
concomitant with the intensification of agricultural land use practices and gains in 
productivity, and it is now a major contributor to greenhouse gas emissions, the development 
of oceanic hypoxic zones, and declines in biodiversity on a global scale (Cassman 1999; 
Foley et al 2007; Kiers et al 2008). 
The U.S. Corn Belt is an example of agriculture that is highly developed and 
functions in a highly modified, human-dominated ecosystem. There is growing recognition 
that the spatially uniform, functionally homogenized landscapes that typify the Corn Belt 
lack both environmental resilience and socioeconomic sustainability (Beeman and Pritchard 
2001; Jackson and Jackson 2002; Schulte et al 2006; Jordan et al 2007). For example, poor 
water quality in the Upper Mississippi watershed has been recognized as a national priority 
for over a decade (USGS 1999, 2006). The high input of nutrients associated with Corn Belt 
agriculture has been further implicated as the primary cause of the downstream hypoxic dead 
zone in the Gulf of Mexico (Rabalais et al 2002; Donner and Kucharik 2008). Channelization 
of streams and tile and ditch drainage have altered the ability of watersheds to moderate 
ground water recharge and discharge functions and to moderate peak flooding (Thompson 
1992; Zaimes et al 2006). Bird populations, a widely used indicator of biodiversity in 
agricultural systems, have experienced severe declines in response to agricultural 
intensification (Best et al 1995; Donald and Evans 2006). Socioeconomically, Corn Belt 
states are now losing medium-sized, owner-operated farms. This situation, known as the 
disappearing middle, has further eroded the social capital of rural farming communities 
(Flora et al 2004).  
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The State of Iowa is a specific example of a Corn Belt state where agriculture is 
highly developed and functions in a highly modified landscape both in terms of vegetation 
and hydrology; it ranks 50th in the amount of natural vegetation remaining out of the 50 
states in the U.S. (Klopatek et al 1979). Beginning with Euro-American settlement in the 
1830s through the start of the 20th century, 11.87 million ha of tallgrass prairie were 
transformed into a patchwork of corn, small grains, hay, and pasture (Iowa Department of 
Natural Resources [IDNR] 2000). A century later those small fields have evolved into the 
vast roadside-to-roadside corn and soybean fields that now dominate the landscape, while 
less than 0.1% of the original tallgrass prairie remain in a few highly scattered remnants 
(IDNR 2000). The forests of Iowa also were steadily cleared by settlers who established crop 
fields and supplied the burgeoning demand for lumber. These uses resulted in loss of more 
than 1.6 million ha of Iowa's original 2.7 million ha of forest by the 20th century (IDNR 
2000). Throughout the greater Prairie Pothole Region, it is estimated that approximately 99% 
of the original wetlands, marshes, and small streams have been drained and plowed (IDNR 
2000).  
While such changes in anthropogenic land use and land cover are widely 
acknowledged in the Corn Belt region and depicted by coarse-scale analysis (Turner and 
Rabalais 2003; Foley et al 2005; Huston 2005), little spatially explicit data exist on historical 
land use and land cover from which to draw objective conclusions on impacts to landscape 
diversity and spatial complexity (Ramankutty and Foley 1999).  
To understand whether and to what extent historical impacts are lasting and to fill a 
need for baseline data, we assessed the magnitude, rate, and direction of change in land cover 
in three Iowa townships from 1937 to 2002—a period of rapid agricultural intensification 
51 
(Heady et al 1965; Tweeten 1970; Schwieder 1993; Paarlberg and Paarlberg 2000). Our 
objectives were (1) to quantify and describe how landscape diversity and spatial complexity 
have changed over the study period and (2) to determine whether and how land use and 
spatial aspects of it varied by physiographic region. The components of landscape diversity 
that we assessed included the composition of cover types and their extent over a spatially 
defined area. Changes in spatial complexity were indicated by changes in the number, size, 
and shape of landscape elements. As has been the case in the Chesapeake Bay watershed 
(Hassett et al 2005), the Everglades (Sklar et al 2005), northern Great Lakes forests (Schulte 
et al 2007), and the Pacific Northwest (Cissel et al 1994), we expect that a historical 
understanding of landscape change will provide important insights for contemporary science, 
restoration, and management in the Corn Belt. 
 
Methods 
Study landscape  
We used geographic information system (GIS) software and geographic coverages 
available from the Iowa Department of Natural Resources to facilitate the selection of our 
study areas. Using these tools, we purposely sampled three townships, each containing a 
small town, located in three different physiographic regions in Iowa, USA. Purposive 
sampling is a form of nonrandom sampling used in special situations such as exploratory 
research in which the researcher selects cases that are especially informative and with a 
specific purpose in mind (Neuman 2006). 
Major land resource areas (MLRA) were chosen to represent physiographic regions 
due to their broader multi-state and national representation of soil resources and land 
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utilization (USDA 2006a). The three MLRAs selected include the Illinois and Iowa Deep 
Loess and Drift – 108D (hereafter, Dissected Plain), Northern Mississippi Valley Loess Hills 
– 105 (hereafter, Driftless Area), and Central Iowa and Minnesota Till Prairies – 103 
(hereafter, Glaciated Plain) (Fig. 1). We selected these MLRAs because we expected 
different farming systems to have evolved in them over the course of the study period, 
providing contrasting situations for investigation. 
The Dissected Plain is rolling to hilly, but some of the broad uplands far from the 
large streams are level to undulating. Smaller streams have narrow valley floors, but the large 
streams have broad flood plains. Elevation ranges from 210 m in the lowest valley floors to 
460 m on the highest ridges. Local relief is mainly 3 to 6 m, but valley floors can be 25-60 m 
below adjacent uplands. The Driftless Area consists of hilly uplands dissected by both large 
and small tributaries of the Mississippi River. Bottomland exists in narrow bands along 
streams. Elevation ranges from 200 m on the valley floors to 400 m on the highest ridges. 
Local relief also varies between 3 to 6 m, but reaches up to 15-30 m on valley walls along 
major streams and as much as 75 m on the Mississippi River bluffs above the river valley 
floor. The Glaciated Plain is a nearly level to gently rolling till plain, with elevation ranging 
from 300 to 400 m, though most local relief varies between 3 to 6 m (USDA 2006a). This 
study area is located in the part of Iowa that was last covered by glacial ice approximately 
12,000 to 14,000 years ago (Prior 1991). The relatively recent glacial advance and 
subsequent withdrawal and disintegration of ice created a prairie–wetland ecosystem with a 
unique hydrology (Prior 1991). During the past century many of the region’s native wetlands 
were artificially drained for agricultural purposes (Prior 1991).  
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Criteria for township and small town selection within each MLRA were based on the 
results of a survey conducted by the Iowa State Planning Board (ISPB, 1935) in 1934–1935. 
These results clearly identified small towns and villages as the market centers of rural 
farming communities and classified them according to the population of the market center 
(ISPB 1935). Towns and villages with populations ranging between 300 and 499 were shown 
to have an average market center trade area of 108 km², just over the 93 km² area of a 
township according to the rectangular survey system.  
Concomitant with the Planning Board’s results, we interpreted the market center trade 
area as roughly the area of land required to support the farming community and, using the 
1930 U.S. Census, we selected townships containing a town with a population of between 
300 and 499 people. The number of towns meeting the population range criteria was then 
narrowed to 69 by selecting those (1) having an elementary to high school education program 
in 1930 (Iowa Department of Public Instruction 1930), (2) having at least one through 
highway in 1930 (Rand McNally 1930), and (3) being located at least 16 km from other 
population centers in 2002, due to urban growth that may have occurred since 1930. Within 
the three MLRAs and among the 69 small towns that met our selection criteria, we chose the 
township–town combination in each of the three MLRAs where the town was located closest 
to the center of the township: Orient–Orient in Adair County and on the Dissected Plain, 
Bloomfield–Delmar in Clinton County and in the Driftless Area, and Denmark–Ringsted in 
Emmet County and on the Glaciated Plain met these criteria (Fig. 1). Each of these townships 
then approximated the market center trade area for the small town contained within them.  
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Assessing landscape change 
 Data used in our analysis of landscape change were derived from historic aerial 
photographs obtained from the University of Iowa Map Collection, the U.S. National 
Archives and Records Administration, and the USDA Farm Service Agency Aerial Photo 
Field Office. Purposive sampling was used to select historic aerial photographs at five 
specific dates and intervals consistent with historic agricultural change associated with 
technological and economic developments (Heady et al 1965; Tweeten 1970; Schwieder 
1993; Paarlberg and Paarlberg 2000) (Table 1). We used standard GIS protocols to 
georectify, digitize, and enumerate landscape elements from the aerial images. Because each 
set of photographs was unique (e.g., season of capture, type of film, image scale), we created 
coding guides that contained aerial photographic examples of various cover types, historic 
photographs of cover types at ground level, and interpretive explanations to aid in the capture 
of these landscape elements. Student coders were trained to use the guides to enhance their 
visual understanding of the landscape, to delineate ecosystem boundaries, to classify land 
cover types, and to identify rural home sites. Overall, landscape elements were classified into 
one of 13 land-cover types: row crop, hay, small grains, grass, forest, wetland, drainage-way, 
grass waterway, farm pond, home site, road, railroad, and town. All digitized and enumerated 
landscape elements were error checked by the first author to ensure consistency and 
accuracy. An obvious limitation of classifying historic landscape elements, from historic 
aerial photographs, is the inability to ‘ground truth’ these elements over time. 
 We used a combination of ecological measurement and graphical analysis to describe 
agricultural land-use change in terms of landscape composition, extent, dominance, and 
spatial complexity. Landscape diversity was quantified using the Shannon Diversity Index, 
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also known as Shannon’s H’ (hereafter, Shannon’s diversity) (Magurran 1988). It was 
calculated from the equation:  
Shannon’s diversity  
where the quantity Pi is the proportion of the landscape in cover type i, and m is the number 
of land cover types observed. As a measure of heterogeneity, Shannon’s diversity takes into 
account the composition (abundance) of land cover classes and extent (evenness) of land 
cover class distribution across the landscape (Magurran 1988). A landscape with only one 
cover type would have a Shannon’s diversity value of zero. Higher relative values of 
Shannon’s diversity would be representative of a more heterogeneous landscape or a 
landscape where cover types are evenly distributed. An alternative of Shannon’s diversity is 
its antilog (hereafter, cover type equivalents), which is the equivalent to the number of 
equally common cover types required to produce the value of Shannon’s diversity given by 
the sample (Magurran 1988). The number of cover type equivalents is helpful in 
conceptualizing heterogeneity as the number of cover types evenly distributed across the 
landscape. Both Shannon’s diversity and cover type equivalents were calculated at each time 
period for the entire landscape using all land cover classes.  
The Berger–Parker Index, d (hereafter, B–P dominance), is a dominance measure 
expressed by the proportional importance of the most abundant cover type (Magurran 1988), 
and it was calculated from the equation:  
d = Amax/A 
where Amax equals the area of the most abundant cover type and A equals the total area of all 
cover types in the sample. An increase in the value of the index accompanies an increase in 
dominance and a reduction in diversity. This index provides another dimension of diversity 
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by identifying the most dominant cover type and its relative percentage of overall landscape 
cover. All land cover classes were considered in calculating B–P dominance.  
Spatial complexity was quantified by enumerating the number of farm fields and 
calculating average field size. In addition, the corrected perimeter/area (hereafter, shape 
index) was calculated for each two-dimensional patch shape (field shape) using the following 
formula: 
Shape index = (0.282 x perimeter)/(area)1/2 
This index corrects for variation that can occur in calculated values due to different patch 
size, even if shape is constant (Baker and Cai 1992). The index varies from a value of 0.0 for 
a circle, to a value of 1.1 for a square, and to infinity for an infinitely complex shape (Baker 
and Cai 1992). We report a shape index that focuses on the spatial complexity of the 
agroecosystem and excludes the area devoted to railroads, roads, and the town.  
The four primary agricultural cover types delineated were row crop, small grain, hay, 
and grass, which consistently comprised over 90% of the total land area in each township. 
For ease of comparing among townships and across years, we calculated and reported the 
percentage of area devoted to the four primary agricultural cover types rather than total area.  
 The land capability class system was used to show the suitability of soils for 
cultivation in each township according to USDA Natural Resources and Conservation 
Service soil survey reports (Table 2). Land capability assessments are a widely used 
interpretive classification designed to class land according to physical limitations for 
agricultural use (USDA 1961). Classes are based on limitations or hazards when land is used 
for field crops, the risk of damage when used, and how they respond to treatment (USDA 
1961) (Table 2). Subclasses are formed from Classes II through VIII by adding letters that 
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designate what kind of problem limits land use (i.e., e=erosion hazard and w=wetness 
problem) (USDA 1961). Edaphic and topographic factors such as soil profile properties and 
slope characteristics also influence cropping system decisions and are reflected in effects on 
spatial heterogeneity (Appendix).   
 
Results 
Digitization of historic aerial photographs generated data with a grain (resolution) of 
1 ha and a spatial extent (total size of the study area) of 9,324 ha per township. These data 
revealed the extent of land-cover and land-use change within and between townships over the 
study period (Fig. 2). Patterns of change that were consistent across townships included 
increasing amounts of area devoted to row crop, decreasing numbers of farm fields, 
increasing field sizes, decreasing numbers of farmsteads, and gradual increases in the area of 
each small town (Fig. 2). Rail lines disappeared from each township in the latter half of the 
20th century: after 1953 in the Driftless Area, after 1970 in the Glaciated Area, and after 
1984 in the Dissected Plain. The rail line was replaced by a major highway that bypassed the 
small town in the Driftless Area in the 1990s (Fig. 2). More specific results reported and 
organized by study area, time period, and major land cover components—including 
composition, extent, dominance, spatial complexity, and scale—follow.  
 
Dissected Plain  
 In the Dissected Plain, 86% of the land resources were classed in land capability 
Classes I through III (Table 2). The remaining 14% was in Class IV and had severe 
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limitations that permitted only occasional cultivation. Erosion was the primary limitation on 
69% of the land followed by wetness problems on 27% of the land.  
 At the beginning of the study period, we found a high degree of spatial heterogeneity 
in the Dissected Plain township of Orient in Adair County, in terms of the proportional extent 
of cover types and their distribution across the township (Fig. 2). A high relative value of 
Shannon’s diversity at 1.7 or 5.5 cover type equivalents supported our visual assessment of a 
diverse landscape (Fig. 3a). B–P dominance was low with hay being the most abundant cover 
type at 25% (Fig. 3b). The four primary agricultural cover types were nearly equivalent in 
their relative proportion with row crop at 28%, hay at 27%, grass at 23%, and small grain at 
22% (Figs. 3e, 3f, 3g, and 3h). A spatially complex mosaic existed with 1,354 fields, 
averaging 6.2 ha in size and representing a variety of cover types interspersed across the 
township (Figs. 2 and 4a). Field shape was primarily angular with a shape index of 1.4 (Fig. 
3c). 
Spatial complexity changed around 1953. Although the shape index remained at 1.4, 
larger tracts of grass coalesced, the number of fields decreased to 1,260, and average field 
size increased slightly to 6.7 ha (Figs. 2, 3c, 3d, and 4a, respectively). Overall diversity 
remained high with Shannon’s diversity at 1.7 or 5.5 cover type equivalents and B–P 
dominance was relatively low; grass replaced hay as the dominant cover type at 29% (Figs. 
3a and 3b). The area devoted to row crops declined 39% in favor of small grains, grass, and 
hay (Figs. 3e, 3f, 3g, and 3h). Forested area declined by 60% occupying less than 0.2% of the 
landscape (Fig. 3i). 
A higher degree of landscape homogenization was evident around 1970 (Fig. 2), as 
row crop replaced grass as the dominant cover type with B–P dominance at 43% and 
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Shannon’s diversity declined to 1.5 or 4.6 cover type equivalents (Figs. 3a and 3b). Field 
shape remained angular; however, the landscape became less complex as rare cover types 
became more fragmented, the number of fields decreased by 27% to 924, and the average 
field size increased 37% to 9.2 ha (Figs. 3c and 4a). Although the area in forest increased 
slightly, all other land cover classes declined, especially the area devoted to small grains, 
which declined by 65% (Figs. 3f, 3g, 3h, and 3i).  
Continued declines in landscape composition and extent were visible around 1984 as 
a row crop matrix began to develop and other cover types became less evenly distributed 
(Fig. 2). B–P dominance of row crop increased to 51% and Shannon’s diversity declined to 
1.4 or 4.1 cover type equivalents (Figs. 3a and 3b). Other compositional changes included 
grass and hay each covering 20% of the landscape, a further reduction in small grains, and a 
~1% increase in forest cover (Figs. 3f, 3g, 3h, and 3i). As homogenization of cover types 
increased, a landscape pattern emerged of increasing scale whereby the number of fields 
declined by 23% to 716 and the average field size increased by 30% to 12 ha (Figs. 3d and 
4a). Field shape became slightly less angular with the shape index at 1.5 (Fig. 3c). 
The landscape pattern present during the final time period clearly revealed a row crop 
matrix across the township with B–P dominance at 59% (Figs. 2 and 3b). The relative 
abundance of cover types and their distribution across the landscape declined with Shannon’s 
diversity at 1.3 or 3.6 cover type equivalents (Fig. 3a). Landscape composition of the four 
primary agricultural cover types, nearly equal in the first time step, consisted of row crop at 
64%, hay at 18%, grass at 17%, and small grain at 1% (Figs. 3e, 3f, 3g, and 3h). Percentage 
of forest cover declined to 0.5%, a level equal to that witnessed in the 1930s (Fig. 3i). 
Changes in spatial complexity stabilized as the shape index increased to 1.7, the number of 
60 
fields increased to 725, and average field size decreased slightly to 11.5 hectares (Figs. 3c, 
3d, and 4a).  
 
Driftless Area  
In the Driftless Area, 82% of the land resources were classed in land capability 
Classes I through III (Table 2). Only 5% was in Class IV, and the remaining 13% was in 
Class V through Class VII and not suitable for cultivation. Erosion was the primary 
limitation on 74% of the land followed by wetness problems on 16% of the land. 
At the beginning of the study period, we found a high degree of spatial heterogeneity 
in the Driftless Area township of Bloomfield in Clinton County in terms of relative cover 
type composition and extent (Fig 2). Shannon’s diversity was 1.6 or 5 cover type equivalents, 
and row crop was the B–P dominance type at 45% (Figs. 3a and 3b). The landscape 
composition consisted of row crop at 47%, grass at 23%, hay at 16%, and small grain at 12% 
(Figs. 3e, 3f, 3g, and 3h). Forested land represented 2.3% of the landscape cover area (Fig. 
3i). The township was characterized by a spatially complex mosaic where a pattern of 1,524 
fields, averaging 5.8 ha in size and representing a variety of cover types, were interspersed 
across the township (Figs. 3d and 4b). Field shape was primarily angular with a shape index 
of 1.4 (Fig. 3c). 
Landscape diversity increased around 1953, with Shannon’s diversity at 1.7 or 5.5 
cover type equivalents, and B–P dominance declined to 31%; row crop was still the 
predominate cover type (Figs. 3a and 3b). Perennial cover crops became more dominant 
throughout the township where both grass and hay cover increased to 26% (Figs. 3g and 3h). 
Area devoted to small grain remained constant; however, forested area declined to 1.4% 
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(Figs. 3f and 3i). The increase in cover type composition and extent resulted in a spatially 
complex landscape mosaic where the number of fields increased to 1,549, average field size 
declined to 5.7 ha, and field shape remained highly angular with the shape index at 1.4 (Figs. 
3c, 3d, and 4b).  
The gains in landscape diversity and spatial complexity experienced around 1953 
were reversed around 1970 (Fig. 2). Shannon’s diversity decreased to 1.5 or 4.7 cover type 
equivalents, and B–P dominance increased to 42% with row crop the dominant cover type 
(Figs. 3a and 3b). The area in forest remained constant while the area devoted to small 
grains, hay, and grass declined (Figs. 3f, 3g, 3h, and 3i). A row crop matrix began to emerge 
as row crop field homogenization increased and the area of other cover types became more 
fragmented. Although the extent of landscape cover types declined, the township area 
remained spatially complex with 1,424 fields averaging 6.1 ha in size and the shape index 
increasing to 1.5 (Figs. 3c, 3d, and 4b).  
A definite row crop matrix emerged around 1984 when B–P dominance increased to 
68% and Shannon’s diversity declined to 1.2 or 3.3 cover type equivalents (Figs. 2, 3a, and 
3b). The landscape became increasingly homogeneous as the area devoted to grass and hay 
declined by 39% and 58%, respectively, small grain cover declined to 1%, and forest cover 
increased only slightly to 1.6% (Figs. 3f, 3g, 3h, and 3i). Changes in spatial complexity 
included a 28% reduction in the number of fields to 1,030, a 37% increase in average field 
size to 8.4 ha, and an increase in the shape index to 1.6 (Figs. 3c, 3d, and 4b).  
The heterogeneity of the Driftless Area landscape rebounded again at the conclusion 
of the study period with an increase in Shannon’s diversity to 1.3 or 3.7 cover type 
equivalents and B–P dominance declining to 66%, though row crop remained as the most 
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extensive cover type (Figs. 2, 3a, and 3b). The composition of the landscape was dominated 
by row crop at 77%, followed by grass (14%), hay (7%), and small grain (1%) (Figs. 3e, 3f, 
3g, and 3h). Relative to the four primary agricultural cover types, forest cover increased 
nearly two-fold to 4.6% (Fig. 3i). Spatial complexity declined as the number of fields fell to 
939 and average field size increased to 9 ha; however, field shape became less angular with 
the shape index increasing to 2.0 (Figs. 3c, 3d, and 4b). Given changes to the extent and 
arrangement of cover types, the landscape increased by the close of the study period (Fig. 2). 
 
Glaciated Plain 
In the Glaciated Plain, 100% of the land resources were classed in land capability 
Classes I through III (Table 2). Wetness was the primary limitation on 56% of the land 
followed by erosion on 19% of the land base. 
The relative abundance and distribution of land cover classes in the Glaciated Plain 
township of Denmark in Emmet County differed from those in the other study townships 
(Fig. 2). Two primary cover types were dominant around 1938: row crop was the dominant 
B–P cover type at 45% and small grain dominated another 34% of the township’s landscape 
(Figs. 3b, 3e, and 3f). The extent of other cover types included hay at 15%, grass at 3%, and 
forest at less than 0.5% (Figs. 3g, 3h, and 3i). Although primary cover types were evenly 
distributed across the landscape (Fig. 3), the rarity of some reduced Shannon’s diversity to 
1.4 or 4 cover type equivalents (Fig. 3a). Landscape complexity was high during this time 
step with 1,314 fields that averaged 6.5 hectares in size (Figs. 3d and 4c). The shape index 
was 1.3, indicating a highly angular field shape (Fig. 3c). 
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Row crop dominated the township’s land cover around 1953, covering 71% of the 
landscape (Fig. 2 and 3b). Within the emerging row crop matrix, other cover types became 
increasingly fragmented as small grain cover decreased by 74% to just 9%, hay decreased to 
13%, and grass increased to 5% (Figs. 3f, 3g, and 3h). Forest cover decreased to less than 
0.3% and remained under this level through the end of the study period (Fig. 3i). These 
changes in composition and extent are supported by a Shannon’s diversity of 1.1 or 3 cover 
type equivalents (Fig. 3a). The number of fields decreased by 21% to 1,037 and average field 
size increased by 28% to 8.3 ha, indicating a decline in spatial complexity (Figs. 3d and 4c). 
The shape index remained highly angular at 1.3 (Fig. 3c).  
The B–P dominance of row crop reached 81% by around 1970 (Figs. 2 and 3b). The 
area devoted to small grain, hay, and grass became increasingly fragmented into isolated 
patches and comprised only 6%, 5%, and 2%, respectively, of the landscape (Figs. 3f, 3g, and 
3h). Declines in the composition and extent of these cover types resulted in a Shannon’s 
diversity of 0.8 or 2.3 cover type equivalents (Fig. 3a). Spatial complexity declined with the 
number of fields decreasing by 46% to 556 and average field size increasing by 80% to 15 
ha; however, the shape index increased slightly to 1.4 indicating a slightly greater level of 
variation in field shape (Figs. 3c, 3d, and 4c).  
By 1984 a row crop monoculture emerged in the Glaciated Plain where B–P 
dominance increased to 91% and Shannon’s diversity decreased to 0.5 or 1.6 cover type 
equivalents (Figs. 2, 3a, and 3b). The landscape consisted of 1% or less of each of the 
following cover types: small grain, hay, grass, and forest. Concomitant with dramatic 
reductions in diversity, spatial complexity declined dramatically; the number of fields 
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decreased by 36% to 355, and average field size increased by 60% to 24 ha, but the shape 
index remained constant (Figs. 3c, 3d, and 4c). 
During the last study period, small grain, hay, grass, and forest became remnants on 
the landscape as each cover type comprised less than 1% of the township area and row crop 
B–P dominance increased to 93% (Figs. 2 and 3b). The uniform pattern in composition and 
extent generated a Shannon’s diversity of 0.4 or 1.5 cover type equivalents (Fig. 3a). The 
spatial grain of the landscape increased as the number of fields declined to 288 and the 
average field size increased 25% to 30 ha (Figs. 3d and 4c). The shape index remained 
constant. 
 
Discussion 
 Given the lack of spatially explicit and detailed information on land-cover and land-
use change in the U.S. Corn Belt region, our analyses provide baseline understanding on how 
many, seemingly insignificant human decisions scale up to impact the overall diversity and 
spatial complexity of agricultural landscapes. We found several common patterns across our 
three study townships including decreased landscape diversity in terms of composition and 
extent, increased row crop dominance, changes in spatial complexity in terms of increasing 
field size and decreasing number of fields, and erosion of infrastructure to support market 
center trade areas. We furthermore found key differences among the townships regarding the 
suitability of land resources for field crop cultivation, but each township was fairly consistent 
in cultivating land subject to limitations. We focus our discussion on three major trends: the 
shifting scale of agriculture, the intensive use of land for cultivation, and loss of strategic 
market center infrastructure.  
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The shifting scale of agriculture 
 The shifting scale of agriculture was a predominant trend affecting the landscape 
diversity and spatial complexity changes identified throughout our study (Fig. 2). Although 
initial differences in cover type composition existed among the townships, the overall extent 
of cover types and the spatial character of the three landscapes were similar around 1938 
(Fig. 2). For example, average field size was comparable among the Dissected Plain, 
Driftless Area, and Glaciated Plain at 6.2 ha, 5.8 ha, and 6.5 ha respectively around 1938 
(Figs. 3d, 4a, 4b, and 4c). This finding was somewhat unexpected given the similarities in 
landscape diversity shared by the Dissected Plain and Driftless Area in contrast with the 
extreme dominance of row crops and small grains on the Glaciated Plain (Fig. 2). Average 
field size during this first time step was likely a function of limitations associated with the 
prominent use of draft horse power in these townships (Chapter 2).  
 It is well established that advances in technology and economic developments after 
World War II extended the size or scope of the efficient agricultural production unit (Heady 
et al 1965; Tweeten 1970; Paarlberg and Paarlberg 2000). While technology, indeed, 
removed the drudgery of farm life and generated phenomenal increases in productivity, it 
also continues to be a major cause of disequilibrium in agriculture (Tweeten 1970; Rhodes 
1995). Over the course of our study period, U.S. agriculture was caught on a technology 
treadmill that involved cycles of introduction of new technology, adoption by farmers, 
increased output, depressed prices, and further search for new technology to maintain income 
as falling prices threatened farm returns (Tweeten 1970; Rhodes 1995). Eventually, all 
farmers were forced to adopt current technologies and continually seek new technologies to 
achieve economies of scale where the average total cost per unit of output decreased as 
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output increased (Kay and Edwards 1994). In other words, the increased cost of investing in 
new technology was offset by increasing the size of the business (e.g., acres farmed and field 
size), so fixed costs were spread over more units of production. 
 The degree of disequilibrium associated with technological advances was most 
evident in the Glaciated Plain as spatial heterogeneity decreased dramatically after the initial 
time step and where a row crop-dominated matrix emerged with less dominant cover types 
disappearing or becoming isolated remnants throughout the remainder of the study period 
(Fig. 2). The emergence of a row crop matrix and the marginalization of other cover types 
occurred over a longer period and became more discernable in the Driftless Area after 1970 
and in the Dissected Plain after 1984 (Fig. 2).  
 In our study townships, these economies precipitated an overall decrease in the 
number of farm fields and an increase in average field size; however, there were differences 
in the rate of change among townships (Figs. 4a, 4b, and 4c). For the Dissected Plain, 
Driftless Area, and Glaciated Plain, the respective decreases in the number of fields were 
47%, 38%, and 78%; respective average field size increases were 84%, 53%, and 361%. As 
farm equipment increased in size over time, field size was constrained by the 259 ha grid of 
the rectangular survey system in the Glaciated Plain, while spatial variation in the 
topographic and edaphic environment appeared to constrain field size in the Dissected Plain 
and Driftless Area (Figs. 4a, 4b, and 4c). Overall, we observed little change in field shape 
(Fig. 3c) over most of the study period and attributed this also to the underlying effect of the 
rectangular survey system. The shape index did increase, however, in the Dissected Plain and 
Driftless Area in recent decades as the application of conservation measures (i.e., grass 
waterways) changed the area tilled within fields (Chapter 4). 
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 We found few studies of landscape change in agriculturally dominated regions with 
which we could directly compare our results. One study by Medley et al (1995) observed 
similar patterns of landscape change in Ohio where the diversity in land cover declined in 
response to agricultural intensification. Their reported results show Shannon’s diversity 
declining from 1.37, or 3.9 cover type equivalents, in 1934 to 0.80, or 2.2 cover type 
equivalents, in 1982. Cover types reduced in the Ohio study included woodland, hay, pasture, 
and orchards. Wagner and Gobster (2007) examined landscape change in a Central Iowa 
region by pairing quantitative data on changes to natural areas, streams, and housing density 
over a 60-year period with qualitative social assessment of current resident stakeholder 
interpretations of these changes. They found striking shifts in land cover, stream channels, 
and housing density accompanying agricultural change in both participant accounts and their 
measurements. In a study of landscape change in an Iowa watershed from 1940 to 2002, 
Rayburn and Schulte (in review) found considerable declines in crop cover, while forest 
cover and rural housing density increased over the study period.  
 
Intensive use of land for cultivation 
 The biophysical template in the Corn Belt states poses fewer constraints to farming in 
comparison to other parts of the world, allowing farmers to capture economies of scale as 
farm equipment improved and family traditions influenced the size of farms and related land 
management practices (Salamon 1992; Medley et al 1995; Huston 2005). This has not been 
the case in other agricultural regions in the U.S. where natural resource constraints have led 
to the abandonment of croplands less suitable for cultivation and regrowth of forests starting 
in New England, followed by Mid-Atlantic and Lake States, and more recently the Southeast 
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(Auclair 1976; Ramankutty and Foley 1999; Brown et al 2005). The more productive soils 
and scale advantages offered by the Corn Belt states for grain production were important 
factors contributing to the intensive cultivation of croplands and landscape homogenization 
in states like Iowa (Medley et al 1995; Huston 2005).  
 The intensive use of land for cultivation was evident in our study townships (Fig. 3b 
and Table 2). In the Dissected Plain, Driftless Area, and Glaciated Plain, the total land base 
in row crop production increased by 34%, 21%, and 48%, respectively, from around 1937 to 
2002, with final percentages of 59%, 66%, and 93% (Fig. 3b). By comparison, the land base 
in capability Classes I and II land, with no or moderate cultivation limitations, measured 
49%, 48%, and 83% of the total land base respectively (Table 2). The difference between the 
percentage of land in row crop in 2002 and the percentage of land in capability Classes I and 
II provides an estimate of the percentage of row crop planted on land with strong limitations 
that restrict cultivation of some crops (i.e., soybeans), require very intensive conservation 
practices, or both (Table 2).  
 There is growing concern that intensive utilization of land for cultivation and 
increased reliance on land with cultivation limitations to produce annual row crops will, in 
turn, increase the global ecological footprint of agriculture (Foley et al 2005; Kiers et al 
2008.) This concern arises from trends indicating that agricultural lands are being managed 
more intensively to meet present and future demands for food, fiber, and fuel, and because 
opportunities for agricultural land use expansion are being exhausted (Anex et al 2007; Foley 
et al 2007; Robertson et al 2008). Such intensification is likely to further undermine the 
delivery of ecosystem services and the well-being of human communities (Foley et al 2005; 
Kiers et al 2008; Robertson et al 2008). Outside the Corn Belt examples include (1) the 
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Western Australian wheat belt where dryland salinity is a pressing natural management issue 
(Cramer and Hobbs 2002), which is caused by the replacement of deep-rooted native 
perennial vegetation with shallow rooted annual crops and pastures (Jardine et al 2007); and 
(2) the Brazilian Cerrado where more than half of the region’s 2 million km2 has recently 
been transformed into pasture and cash-crop agriculture (Klink and Machado 2005).  
 
Loss of strategic market center infrastructure  
 Aerial photographic analysis points to the loss of strategic market center 
infrastructure as rail lines, initially intersecting each small town, disappeared from the 
landscape in the latter half of the 20th century (Fig. 2). While specific reasons for rail line 
disappearance are likely related to transportation economics rather than landscape change, 
the impact of their loss does have an effect on the market center function of the rural trade 
areas. Prater and Babcock (1998) note that rail branchline abandonment has several potential 
negative impacts on rural areas. These include lower grain prices received by farmers, higher 
transportation costs, loss of market options, lost economic development opportunities, and 
higher road maintenance and reconstruction costs. For the future, the strategic loss of rail line 
infrastructure has a bearing on providing a cost-effective means of transporting biomass for 
conversion into biofuels and other bio-based products as lingnocellulosic feedstocks become 
viable (Haddad and Anderson 2008).  
 A further observation from our aerial photographic analysis was the disappearance of 
farmsteads from the landscape in each township (Fig. 2). We question how this infrastructure 
loss might affect a rural market center’s ability to participate in the emergence of local food 
systems and to provide opportunities for younger agricultural entrepreneurs interested in 
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producing high-value, low-volume commodities. For example, a study of Midwest 
community supported agriculture (CSA) operations found these operations to be 
approximately12 ha in size and to involve farmers who were younger, better educated, and of 
both genders (Tegtmeier and Duffy 2005).  
 
Conclusion 
 Three township–town combinations, representing three distinct agricultural 
landscapes for the U.S. Corn Belt region, were studied to quantify and describe how 
landscape diversity and spatial complexity have co-evolved and to understand the magnitude, 
rate, and direction of change in land cover from 1937 to 2002. A comparison of the three 
case study landscapes revealed that (1) technological advances appear as a key driver of 
increased agroecosystem scale and hence are a source of disequilibrium in terms of spatial 
heterogeneity, (2) fewer natural resource constraints have led to landscape homogenization as 
annual row crops are produced more intensively, and (3) the loss of strategic market center 
infrastructure on the landscape over time may affect the ability of rural trade areas to respond 
to new opportunities. There are concerns that such homogeneous agricultural landscapes 
reduce agroecosystem stability, increase the ecological footprint of agriculture, and diminish 
opportunities for the next generation of farmers (Beeman and Pritchard 2001; Jackson and 
Jackson 2002; Schulte et al 2006; Jordan et al 2007). While we do not expect farmers or 
agricultural communities to “turn back the clock” on time and technology, initiatives that 
foster the diversification rather than the further homogenization of agricultural landscapes 
may be more likely to achieve the common goal of enhancing agroecosystem sustainability.  
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Table 1. Dates of aerial photographs for determination of landscape elements per study area 
Study region County Township Town Aerial Photograph Dates 
Dissected Plain Adair Orient Orient 1938 1954 1970 1983 2002 
Driftless Area Clinton Bloomfield Delmar 1937 1951 1969 1984 2002 
Glaciated Plain Emmet Denmark Ringsted 1939 1953 1972 1985 2002 
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Table 2. Land capability classes and the percentage of land in each class per study area; e = a 
primary limitation of erosion, w = primary limitation of wetness. 
 
Land 
capability 
class 
 
 
Description 
 
Dissected  
Plain 
 
Driftless 
Area 
 
Glaciated 
Plain: 
 
Land suitable for cultivation 
 
   
Class I  Soils that have no serious limitations for 
cultivation of the usual crops of the area. 
 
4% 5% 24% 
Class II  Soils that have moderate limitations that 
permit cultivation of the usual crops of the 
area with suitable conservation practices 
such as erosion control or soil drainage. 
 
24% (e) 
21% (w) 
29% (e) 
14% (w) 
14% (e) 
45% (w) 
Class III  Soils that have strong limitations that restrict 
the cultivation of some crops of the area, 
require intensive conservation practices, or 
both. 
35% (e) 
2% (w) 
33% (e) 
1% (w) 
5% (e) 
11% (w) 
 
Land suitable for limited cultivation 
 
   
Class IV  Soils that have severe limitations that permit 
only occasional cultivation of the usual crops 
of the area, require very intensive 
conservation practices, or both. 
10% (e) 
4% (w) 
5% (e) 
 
 
 
Land not suitable for cultivation 
 
   
Class V  Soils that can be used for pasture, range, 
forest, wildlife, or recreation without being 
likely to deteriorate but have limitations such 
as wetness, stoniness, or climate that prevent 
them from being cultivated. 
 
 1% (w)  
Class VI  VI Soils that can be used for pasture, range, 
forest, wildlife, or recreation with suitable 
erosion control practices but that have strong 
limitations such as erodibility, wetness, 
shallow depth, stoniness, or climate that 
make them generally unsuited to cultivation. 
 
 5% (e)  
Class VII  Soils that can be used for pasture, range, 
forest, wildlife, or recreation, but have very 
severe limitations that require intensive 
management and make them unsuitable for 
cultivation. 
 
 7% (e)  
 
Sources: USDA (1961, 2006b, 2006c, 2007) 
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Figure 1. Location of study townships within Iowa counties and major land resource areas; 
small town falling within township also shown. Inset: Location of Iowa within the 
Midwestern U.S. 
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Figure 2. Comparison of land cover composition and field size changes in Dissected Plain, 
Driftless Area, and Glaciated Plain per time interval.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Changes in A) Shannon’s diversity, B) B–P dominance, C) shape index, D) average field size, E) percent row crop cover, 
F) percent small grain cover, G) percent hay cover, H) percent grass cover, and I) percent forest cover.  
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Figure 4. Changes in A) Dissected Plain field size and number, B) Driftless Area field size 
and number, and C) Glaciated Plain field size and number. 
 
 
 
 
 
 
 
 
 
 
 
 
 Appendix: Descriptions of Major Soil Series and Soil Characteristics for Study Areas 
Study 
region 
 
Taxonomic class 
 
Series name, description, and 
percentage within township 
 
Slope 
range 
 
Parent 
material 
 
 
Texture 
Percent 
organic 
matter 
Bulk 
density 
(g/cc) 
Solum 
(m) 
 
Native 
vegetation 
Dissected 
Plain  
1. Fine, smectitic, 
mesic Typic 
Argiudolls 
 
 
 
 
2. Fine-loamy, 
mixed, super-
active, mesic 
Typic Argiudolls 
 
3. Fine-silty, mixed, 
superactive, 
mesic Cumulic 
Endoaquolls and 
Fine-silty, mixed, 
superactive, mesic 
Aquic Cumulic 
Hapludolls 
 
4. Fine-silty, mixed, 
superactive, mesic 
Oxyaquic 
Hapludolls 
 
Sharpsburg soils are moderately well 
drained and are on upland divides and on 
the upper part of side slopes. The surface 
layer, which is eroded, is very dark grayish 
brown and dark yellowish brown silty clay 
loam about 20 cm thick. 37% 
 
Shelby soils are moderately well drained 
and are on the lower and steeper parts of 
side slopes. The surface layer is very dark 
brown clay loam about 18 cm thick. 13% 
 
Colo-Ely soils are poorly drained. The 
Colo soil is along waterways with a black 
silty clay loam surface layer about 91 cm 
thick. The Ely soil is at the base of upland 
slopes with a silty clay loam surface layer 
about 56 cm thick. It is very dark brown in 
the upper part and black and very dark 
gray in the lower part. 11% 
 
Nira soils are moderately well drained and 
are on short, convex side slopes on uplands 
and on slopes that border drainageways. 
The surface layer typically is very dark 
gray and very dark grayish brown silty 
clay loam about 25 cm thick. 10% 
2-14 % 
 
 
 
 
 
 
5-25% 
 
 
 
 
2-5% 
 
 
 
 
 
 
 
 
2-14% 
 
loess 
 
 
 
 
 
 
glacial till  
 
 
 
 
alluvium 
and 
colluvium 
 
 
 
 
 
 
deoxidized 
loess 
 
silty clay 
loam 
 
 
 
 
 
clay 
loam 
  
 
 
silty clay 
loam 
 
 
 
 
 
 
 
silty clay 
loam 
 
3 - 4% 
 
 
 
 
 
 
2 - 4% 
 
 
 
 
5 - 7% 
 
 
 
 
 
 
 
 
2 - 4% 
1.30-1.35 
 
 
 
 
 
 
1.50-1.55 
 
 
 
 
1.28-1.35 
 
 
 
 
 
 
 
 
1.25-1.40 
1.1-1.6 
 
 
 
 
 
 
0.8-1.5 
 
 
 
 
0.9-1.4 
 
 
 
 
 
 
 
 
0.9-1.2 
 
 
tall grass 
prairie  
 
 
 
 
 
tall grass 
prairie  
 
 
 
tall grass 
prairie  
 
 
 
 
 
 
 
tall grass 
prairie  
 
          
Driftless 
Area 
1. Fine-silty, mixed, 
superactive, 
mesic Typic 
Hapludalfs 
 
 
Fayette soils are gently sloping to strongly 
sloping on rounded ridgetops and strongly 
sloping to very steep on side slopes and are 
well drained. The surface layer is very dark 
grayish brown and dark grayish brown silt 
loam about 18 cm thick. 33% 
2-40% 
 
 
 
 
 
loess 
 
 
 
 
 
silt loam 
 
 
 
 
 
0.5-2% 
 
 
 
 
 
1.35-1.45 
 
 
 
 
 
1.0-1.5 
 
 
 
 
 
deciduous 
trees  
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 2. Fine-silty, mixed, 
superactive, 
mesic Typic 
Argiudolls 
 
 
 
 
3. Fine-silty, mixed, 
superactive, mesic 
Mollic Hapludalfs 
 
 
 
4. Fine-silty, mixed, 
superactive, 
mesic Cumulic 
Endoaquolls 
Tama soils are well drained. They are 
nearly level to moderately sloping on 
ridgetops and gently sloping to strongly 
sloping on side slopes. They have a surface 
layer of very dark brown or very dark 
grayish brown silt loam about 41 cm thick. 
22% 
 
Downs soils are sloping to moderately 
steep on ridges and side slopes and are 
well drained. They have a surface layer of 
very dark grayish brown and dark brown 
silt loam about 18 cm thick. 9% 
 
Colo soils are poorly drained soils on flood 
plains and in drainageways in uplands. The 
surface layer is black silty clay loam 71 cm 
thick. 6% 
0-14% 
 
 
 
 
 
 
 
2-18% 
 
 
 
 
 
0-2% 
 
loess 
 
 
 
 
 
 
 
loess 
 
 
 
 
 
alluvial 
deposits 
silty clay 
loam and 
silt loam 
 
 
 
 
 
silt loam 
 
 
 
 
 
silty clay 
loam 
 
 
3-4% 
 
 
 
 
 
 
 
0.5-3% 
 
 
 
 
 
3-4% 
1.25-1.30 
 
 
 
 
 
 
 
1.25-1.30 
 
 
 
 
 
1.25-1.30 
1.1-1.5 
 
 
 
 
 
 
 
1.3-1.8 
 
 
 
 
 
0.9-1.3 
 
tall grass 
prairie 
 
 
 
 
 
 
tall grass 
prairie and 
savanna 
 
 
 
tall grass 
prairie  
 
Glaciated 
Plain 
1. Fine-loamy, 
mixed, super-
active, calcareous, 
mesic Typic 
Endoaquolls 
 
2. Fine-loamy, 
mixed, super-
active, mesic 
Aquic Hapludolls 
 
3. Fine-loamy, 
mixed, super-
active, mesic 
Typic Hapludolls 
Canisteo soils are nearly level, poorly 
drained, calcareous in low, broad, slightly 
concave or level areas. The surface layer is 
black clay loam about 20 cm thick. 27%  
 
 
Nicollet soils are very gently sloping and 
somewhat poorly drained on slightly 
convex or plane slopes. The surface layer 
is black loam about 20 cm thick. 24% 
 
Clarion soils are well drained and are on 
gently sloping to moderately sloping 
knolls, side slopes, and ridgetops. Surface 
layer is black loam 20 cm thick. 17% 
0-2% 
 
 
 
 
 
1-3% 
 
 
 
 
2-14% 
 
glacial till 
or glacial 
till 
sediments 
 
 
glacial till 
 
 
 
 
glacial till  
clay 
loam 
 
 
 
 
loam 
 
 
 
 
loam 
 
6-7% 
 
 
 
 
 
5-6% 
 
 
 
 
3-4% 
1.25-1.35 
 
 
 
 
 
1.15-1.25 
 
 
 
 
1.40-1.45 
0.5-1.3 
 
 
 
 
 
0.5-1.2 
 
 
 
 
0.5-1.3 
tall grass 
prairie  
 
 
 
 
tall grass 
prairie  
 
 
 
tall grass 
prairie  
 
Sources: USDA. Natural Resources and Conservation Service. Soil Survey of Clinton County, Iowa, CD-ROM. April 2006. 
 USDA. Natural Resources and Conservation Service. Soil Survey of Emmet County, Iowa, CD-ROM. May 2006. 
 USDA. Natural Resources and Conservation Service. Soil Survey of Adair County, Iowa, CD-ROM. September 2007. 
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CHAPTER 4 
USING THE PAST TO CREATE A SUSTAINABLE FUTURE FOR 
AGRICULTURE: THE IMPACT OF U.S. FARM BILL POLICY ON  
LAND-USE CHANGE IN IOWA, USA 
A paper prepared for submission to Agriculture, Ecosystems, and Environment 
Paul W. Brown, Lisa A. Schulte, and John C. Tyndall 
Abstract 
U.S. Farm Bill (commodity, conservation, and energy titles) policy has generally 
attempted to ameliorate the impact of chronic overproduction caused by revolutionary 
technological change in agriculture, influence the economic and social well-being of rural 
society, and protect the natural environment. While vast financial resources have been 
invested in Farm Bill programs, few quantitative data exist on the extent to which the 
objectives have been achieved, especially as they relate to agricultural land-use. Thus, our 
goal was to study the historical outcomes and understand the role of U.S. Farm Bill policy as 
a key driver of landscape change. We used a historical comparative approach to chart the 
evolution of agricultural land use over time and policy impacts on landscape change in three 
Iowa, USA townships. Because traditional Farm Bill programs in Iowa have focused on (1) 
corn grain as the primary basic commodity crop, (2) idling cropland and/or shifting cropland 
from “soil-depleting uses” (i.e., corn) to “soil-conserving uses” (i.e., hayland, pastureland) as 
a means to control the demand and supply of corn, and (3) encouraging farmers and 
landowners to adopt soil conservation practices, we used the following metrics derived from 
the U.S. Census of Agriculture and aerial photographs to quantify and describe the impact of 
Farm Bill programs on land-use change: the area of corn planted and the amount of corn 
produced, the area of cropland idled for soil conservation purposes, the area of farmland 
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devoted to all conserving uses (i.e., idled land plus hayland and pastureland), and the number 
of conservation practices on the landscape. Overall, our analyses found several common 
trends across our study townships including (1) the cyclic contraction and expansion of the 
area planted to corn and the area devoted to conserving uses, (2) the limited success in 
controlling production through short-term acreage reduction programs because of long-term 
yield increases of corn, (3) the implementation of long-term land retirement programs 
designed to restrict corn supplies and conserve soil resources, and (4) the increased presence 
of soil conservation practices on the landscape as the intensification of row-crop production 
increased over time. We conclude that Farm Bill policy has revolved around a “command 
and control” resource management paradigm intent on isolating and controlling a few target 
variables but allowing the slow and unintentional change of non-target components resulting 
in an overall erosion of agroecosystem resiliency. Agriculture may be better served by an 
adaptive resource management approach, which acknowledges that the natural resources 
being managed will always change. As such, human policies designed to meet environmental 
and social objectives must be continually modified and be flexible for adaptation to change.  
 
Introduction 
U.S. Farm Bill policy has generally attempted to ameliorate the impact of chronic 
overproduction caused by revolutionary technological change in agriculture (Benedict and 
Stine, 1956; Heady et al., 1965; Green, 1990), influence the economic and social well-being 
of rural society (U.S. Congress, 1998; Hurt, 2002), and protect the natural environment 
(Ribaudo et al., 2001; Cain and Lovejoy, 2004; Claassen et al., 2008). Despite the investment 
of vast financial resources in the U.S. Corn Belt through Farm Bill (commodity, 
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conservation, and energy titles) programs (Morehart, 2003; Claassen et al., 2008), the 
landscape has changed in ways that are often contrary to the objectives laid out by this 
legislation (Mattison et al., 2005; Secchi et al., 2008). For example, traditional Farm Bill 
programs have attempted to help balance demand and supply by idling cropland, shifting 
cropland to conserving uses, retiring cropland long-term, and funding direct payments to 
farmers and landowners to make up the difference between production costs and low market 
prices for basic commodity crops (i.e., corn and later soybeans) (Benedict and Stine, 1956; 
Green, 1990; Harl, 1998; Hurt, 2002). While such commodity-based programs may meet 
Farm Bill socioeconomic objectives, they frequently create a conflict with Farm Bill 
environmental objectives by encouraging the cultivation of program-eligible annual row 
crops (Key and Roberts, 2007). These row crops are generally associated with the 
degradation of water quality with sediment, nutrients, and pesticides (Schilling and Libra, 
2000; Hatfield et al., 2008), hydrologic modification contributing to flooding and ground 
water depletion (Thompson, 1992; Zaimes et al., 2006), disruption of terrestrial and aquatic 
wildlife habitats (Best et al., 1995; Wickramasinghe et al., 2003), and emission of greenhouse 
gases (Parkin and Kaspar, 2006; Kim et al., In Review). All of these environmental issues 
lead to potentially large social costs (Tegtmeier and Duffy, 2004). At the same time, the 
primary intent of traditional Farm Bill programs has been stabilizing commodity prices and 
improving farm incomes; environmental benefits such as protecting soil resources has been 
largely a secondary goal (Ribaudo et al., 2001; Morehart, 2003; Claassen et al., 2008).  
U.S. farmers also have demonstrated the ability to quickly respond to favorable 
market conditions by increasing production to meet increasing demand situations (Benedict 
and Stine, 1956; Green, 1990; U.S. Congress, 1998; Hurt, 2002). Recent expansion of U.S. 
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agriculture into the energy sector through starch-based biofuels production has provided corn 
growers with one of those opportunities to respond (Greene, 2004). For example, U.S. corn 
growers planted 38 million hectares of corn for all purposes in 2007—the largest area 
devoted to corn since 1944 (USDA, 2008). The six primary Corn Belt states of Illinois, 
Indiana, Iowa, Minnesota, Nebraska, and South Dakota planted 61% of this total area 
(USDA, 2008). Further intensification of agricultural land use is expected at present and in 
the future as farmers attempt to meet the burgeoning demand of biofuels feedstocks in 
addition to traditional food and feed demands (Donner and Kucharik, 2008; Robertson et al., 
2008; Secchi et al., 2008). 
The expansion of agriculture into the energy sector is now a long-term national goal 
of the U.S., made official by passage of the Farm Security Act of 2002, which was the first 
Farm Bill to include an energy title (Duffield and Collins, 2006). Recent passage of The 
Food, Conservation, and Energy Act of 2008 further entrenched energy as one of the primary 
functions of agriculture in the U.S. Furthermore, the U.S. Department of Agriculture (USDA) 
and U.S. Department of Energy (DOE) are cooperating to co-chair the Biomass Research and 
Development Board, which is intent on expanding agriculture’s role to meet growing energy 
demand (DOE/USDA, 2008).  
While likely to further challenge the 2008 Farm Bill conservation title objectives of 
environmental protection at the farm level, the emergence of the bioeconomy also provides 
an opportunity to redirect future policies to achieve objectives that benefit the environment 
and society at local, national, and global scales (Jordan et al., 2007; Groom et al., 2008; 
Secchi et al., 2008). Science-based policies are needed to build public support for a 
sustainable biofuels production system that could play a highly positive role in mitigating 
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climate change, enhancing environmental quality, and strengthening the global economy 
(Jordan et al., 2007; Robertson et al., 2008). Because policy development is an evolutionary 
process, these future policies must incorporate the historical outcomes of previous policies 
while also being attentive to current socioeconomic and environmental issues (Flinchbaugh 
and Knutsen, 2004).  
Our goal in this study was to examine the historical outcomes and to understand the 
role of U.S. Farm Bill policy as a key driver of landscape change in three rural townships in 
Iowa, USA, beginning in 1930 and ending in 2002. The fundamental questions related to 
pattern and process in landscapes requires an understanding of the ecological context of a 
study area at different spatial and temporal scales (Turner, 1989; Turner et al., 2001). 
Understanding the importance of historic land-use legacies has become an integral aspect of 
natural resource management in recent years because it adds explanatory power to our 
modern interpretation of structure and function and reduces the likelihood of missteps in 
anticipating or managing future conditions (Foster et al., 2003). Often these processes are 
hidden from human temporal perception because they occur over the course of decades and 
their effects lag years behind causes (Magnuson, 1990). Magnuson (1990) refers to long-term 
research as uncovering “the invisible present.” 
Because U.S. Farm Bill policies have been implemented primarily in response to 
increases in Corn Belt productivity from technical and economic developments (Benedict 
and Stine, 1956; Heady et al., 1965; Lipton and Pollack, 1996; Hurt, 2002), we believe that 
this type of “command and control” paradigm will have significant influence on cropping 
systems and land-use decisions and will leave a visual imprint on the landscape over time. At 
present, few data exist from which to draw objective conclusions on the impact of farm 
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policy on land-use and land-cover change (Halloran and Archer, 2008). We expect that an 
understanding of this change will provide important insights for the direction and 
development of future policy as the bioeconomy continues to emerge. To meet our goal, we 
used a historical comparative approach (Medley et al., 1995; Heasley, 2003) to chart the 
evolution of agricultural land use over time and policy impacts on it in three Iowa townships.  
Because traditional Farm Bill programs in Iowa have focused on (1) corn grain as the 
primary basic commodity crop, (2) idling cropland and/or shifting cropland from “soil-
depleting uses” (i.e., corn) to “soil-conserving uses” (i.e., hayland, pasture) as a means to 
control the demand and supply of corn, and (3) encouraging farmers and landowners to adopt 
soil conservation practices, we used the following metrics to quantify and describe the impact 
of Farm Bill programs on land-use change: (1) the area of corn planted and the amount of 
corn produced, (2) the area of cropland idled for soil conservation purposes, (3) the area of 
farmland devoted to all conserving uses (i.e., idled land plus hayland and pastureland), and 
(4) the number of conservation practices on the landscape.  
 
Methods  
To study the impacts of U.S. Farm Bill policies, we divided our 72-year study period 
into five eras that coincide with historic national and international events (Benedict and 
Stine, 1956; Green, 1990; Schwieder, 1993; U.S. Congress, 1998; Hurt, 2002; Cain and 
Lovejoy, 2004; Claassen et al., 2008), including the Great Depression and the New Deal: 
1930–1941; War, Peace, and Plenty: 1942–1955; Soil Bank and Food Security: 1956–1971; 
Plant Fencerow to Fencerow: 1972–1985; and Budget Concerns and New Approaches: 
1986–2002. Based on review and synthesis of individual Farm Bills, we posited that the 
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overarching goals of these policy eras have varied over time in response to general trends 
occurring in U.S. agriculture (Appendix).  
 
Study area  
We selected three Iowa townships located within three physiographic regions for 
study using purposive sampling, which is a form of nonrandom sampling used in special 
situations such as exploratory research whereby the researcher selects cases that are 
especially informative and with a specific purpose in mind (Neuman, 2006). We identified 
three major land resource areas (MLRAs) (USDA, 2006) including the Illinois and Iowa 
Deep Loess and Drift – 108D (hereafter, Dissected Plain), Northern Mississippi Valley Loess 
Hills – 105 (hereafter, Driftless Area), and Central Iowa and Minnesota Till Prairies – 103 
(hereafter, Glaciated Plain) (Fig. 1) as our physiographic regions because we expected them 
to represent extensive but different biophysical settings and different farming systems in 
Iowa. 
The Dissected Plain is rolling to hilly, but some of the broad uplands far from the 
large streams are level to undulating. Smaller streams have narrow valley floors, but the large 
streams have broad flood plains. Elevation ranges from 210 m in the lowest valley floors to 
460 m on the highest ridges. Local relief is mainly 3 to 6 m, but valley floors can be 25–60 m 
below adjacent uplands. Some upland flats and valley floors have a local relief of just 1–2 m. 
The Driftless Area consists of hilly uplands dissected by both large and small tributaries of 
the Mississippi River. Bottomland exists in narrow bands along streams. Elevation ranges 
from 200 m on the valley floors to 400 m on the highest ridges. Local relief also varies 
between 3 to 6 m, but reaches up to 15–30 m on valley walls along major streams and as 
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much as 75 m on the Mississippi River bluffs above the river valley floor. The Glaciated 
Plain is a nearly level to gently rolling till plain, with elevation ranging from 300 to 400 m, 
although most local relief varies between 3 to 6 m (USDA, 2006).  
We selected townships for in-depth study based on an Iowa State Planning Board 
1934–1935 survey. This survey showed that, in 1930, the market center area of Iowa small 
towns with a population range of 300 to 499 was approximately 108 km², just over the 93 
km² area of a township according to the rectangular survey system (Iowa State Planning 
Board, 1935). We interpreted the Planning Board’s results to mean that a township was 
roughly the area of land required to support the market center trade area of a farming 
community and, using the 1930 U.S. Census, we selected townships containing a town with a 
population of between 300 and 499 people. The number of towns meeting the population 
range criteria was then narrowed to 69 by selecting those (1) having an elementary to high 
school education program in 1930 (Iowa Department of Public Instruction, 1930), (2) having 
at least one through highway in 1930 (Rand McNally, 1930), and (3) being located at least 16 
km from other population centers in 2002, due to urban growth that may have occurred since 
1930. These criteria were set to eliminate outlier townships and adhere to our market center 
trade area assumption. Three township–town combinations were selected where the town was 
located closest to the center of the township: Orient–Orient in Adair County, Bloomfield–
Delmar in Clinton County, and Denmark–Ringsted in Emmet County (Fig. 1). Thereby, the 
township approximated the market center area for the small town (i.e., the farming 
community).  
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Data selection 
To meet our objective of understanding policy impacts on agricultural land-use 
change, we selected U.S. Census of Agriculture statistics on the area of corn planted and the 
amount of corn produced, the area of cropland idled for soil conservation purposes, and the 
area of farmland devoted to all conserving uses (i.e., idled land plus hayland and pastureland) 
based on historic intervals and overarching goals of the five Farm Bill policy eras 
(Appendix). Although the first Farm Bill was not signed into law until 1933, statistics from 
the 1930 U.S. Census of Agriculture were included to serve as a starting point for pre- and 
post-policy era comparison. The crop statistics reported in the 1930, 1935, 1940, 1945, and 
1950 Censuses of Agriculture are based on the 1929, 1934, 1939, 1944, and 1949 calendar 
years, respectively. Census of Agriculture statistics were reported by crop year and are at 
five-year intervals, except for years 1978 and 1982. During that time, Congress authorized an 
adjustment in timing of the Census of Agriculture to accommodate a new five-year cycle 
consistent with other economic censuses. The area of cropland idled for soil conservation 
purposes includes land in soil-improvement crops (i.e., grasses and legumes); land in Soil 
Bank Program, Conservation Reserve Program, and Wetland Reserve Program; and land in 
diversion and set-aside programs. We could not exclude “cropland in summer fallow” from 
the area idled for conservation purposes during Census of Agriculture years 1930 to 1982, 
but this practice was not common in Iowa except in some winter wheat-growing areas. In the 
1959 Census of Agriculture report, failed cropland could not be extracted from the 
enumerated area of cropland idled for conservation purposes. We included the total area of 
cropland idled for conservation purposes plus the usable land categories of hayland and 
pastureland in a “conserving uses” grouping to determine the change in land area devoted 
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these cover types. The metrics, land area in corn, corn grain produced, land area idled, and 
land area in conserving uses, were adjusted to the township level. This has achieved by 
dividing the county statistic by the area of land in farms and then multiplying by the area of 
the township in farmland, as derived from aerial photographs.  
We obtained data on soil conservation practice implementation that could be 
identified from historic aerial photographs obtained from the University of Iowa Map 
Collection, the U.S. National Archives and Records Administration, the USDA Farm Service 
Agency Aerial Photo Field Office, and the U.S. Census of Agriculture. We purposely 
selected historic aerial photograph dates based on historic intervals consistent with the five 
Farm Bill policy eras (Table 1) (Benedict and Stine, 1956; Green, 1990; U.S. Congress, 
1998; Hurt, 2002; Cain and Lovejoy, 2004). We used standard geographic information 
system (GIS) protocols to georectify, digitize, and enumerate soil conservation practices 
from the aerial images. Student coders were trained by the lead researcher to enhance their 
visual understanding of the landscape, to delineate ecosystem boundaries, and to classify soil 
conservation practices using pre-determined protocols and working backward through time. 
All landscape elements that we captured were error checked by the lead researcher to insure 
accuracy. An obvious limitation of classifying historic landscape elements, from historic 
aerial photographs, is the inability to ‘ground truth’ these elements over time. In the case of 
conservation practices, it also was not possible to assess their effectiveness on the landscape.  
Overall, soil conservation practices were classified into one of the following six 
categories based on its visual presence on the aerial images and consistency with established 
protocols: vegetative buffers, grass waterways, field borders, farm ponds, terraces, and 
contour strips. Vegetative buffers, grass waterways, and field borders are generally classified 
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as conservation buffers and involve small areas or strips of land in permanent vegetation, 
designed to slow water runoff, trap sediment, and enhance infiltration within the buffer. Farm 
ponds have traditionally been used as an economical and efficient method to retain water for 
livestock, but when properly managed, they can increase watershed health by reducing 
erosion and sedimentation. When properly installed, terraces can reduce the rate of runoff 
and allow soil particles to settle out resulting in cleaner water carried off the field in a non-
erosive manner. Contouring and stripcropping were not differentiated in our classification, 
but they were classed together as contour strips. Contour rows run around a slope nearly on 
the level where the rows form little dams to slow runoff. Stripcropping is a system of 
growing crops, on slopes of 2 to 12%, in approximately even width strips or bands on the 
contour to reduce soil erosion. The crops are arranged so that a strip of meadow or close 
growing crop (i.e., small grains) is alternated with a strip of row crop.  
 The concentration of soil conservation practices on the landscape relative to the area 
in row crop (i.e., corn, soybean) was measured by the ratio of total conservation practices to 
row crop area in hectares (hereafter, conservation ratio), as derived from aerial photographs. 
This ratio indicates the relative importance and presence of soil conservation practices on the 
landscape as a function of changes in the area devoted to row crops. 
 Data on the extent of corn planted, corn production, area idled for conservation 
purposes, area in conserving uses, and soil conservation practice implementation are 
presented in graphic and tabular form. 
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Results 
The Great Depression and the New Deal: 1930 to 1941  
The Agricultural Adjustment Act of 1933 (AAA) was signed into law as the nation’s 
first Farm Bill (U.S. Congress, 1998). It authorized the use of marketing agreements to 
promote orderly marketing of agricultural commodities intended to improve and stabilize 
farm income and prices during the height of the Great Depression (Benedict and Stine, 1956; 
Green, 1990). In Corn Belt states like Iowa, the 1933 Act was administered primarily through 
the Corn-Hog Program, intent on reducing acres planted to corn, the state’s primary “basic” 
commodity crop (Benedict and Stine, 1956). The AAA gained momentum in 1933 and 
prospered in 1934 and 1935. However, in 1936, the Supreme Court declared the production 
control features of the 1933 Act as unconstitutional, and it was replaced by Congress with the 
Soil Conservation and Domestic Allotment Act of 1936 (U.S. Congress, 1998). The new 
legislation joined the goal of reducing soil erosion with the acreage reduction component of 
the 1933 Act (Benedict and Stine, 1956; U.S. Congress, 1998). It authorized payment to 
farmers to reduce commodity surpluses if they agreed to plant soil-conserving crops, instead 
of soil-depleting crops such as corn, and adopt specified soil improvement practices 
(Benedict and Stine, 1956; Cain and Lovejoy, 2004). Acreage reduction and soil 
conservation components were repackaged in the Agricultural Adjustment Act of 1938. A 
new feature of this farm legislation was the creation of an ever-normal granary to store food 
during years of plenty and ensure availability during years of scarcity (U.S. Congress, 1998). 
For example, national acreage allotments for corn were proclaimed each year with the 
objective of producing a sufficient supply of corn to satisfy domestic and export demand 
(Benedict and Stine, 1956; Green, 1990). 
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During the first policy era, the area planted to corn was reduced in each township 
from 1929 to 1934, with the Dissected Plain, Driftless Area, and Glaciated Plain posting 
declines of 15%, 10%, and 18%, respectively (Fig. 2a). Over the same five-year period, the 
amount of corn produced decreased 99% (due to severe drought), 8%, and 20% in these 
respective townships (Fig. 2b). From 1934 to 1939, the area planted to corn stabilized and the 
amount produced increased in each township. Overall, in the first policy era, the respective 
changes in the area planted to corn and the amount of corn produced in the Dissected Plain, 
Driftless Area, and Glaciated Plain were: -17% and +4%, -7% and +50%, and -17% and 
+38% (Fig. 2a,b). The area idled in each township increased from 1929 to 1934, but it 
remained at 5% or less of the total land in farms before declining to half that amount in 1939 
(Fig. 2c). Overall, the land in farms devoted to soil conserving uses increased 18%, 3%, and 
25% in the Dissected Plain, Driftless Area, and Glaciated Plain, respectively, during this 
policy era (Fig. 2d).  
Grass waterways and vegetative buffers were the most common soil conservation 
practices on the landscape in each township (Table 3). The Driftless Area had the highest 
conservation ratio of 0.071, which was followed by the Dissected Plain at 0.042. The 
conservation ratio in the Glaciated Plain was 0.004, and it was consistently the lowest 
throughout the entire study period.  
 
War, Peace, and Plenty: 1942 to 1955 
Attitudes toward farm policy and its objective would change dramatically as the U.S. 
entered World War II (Benedict and Stine, 1956; U.S. Congress, 1998; Hurt, 2002). The 
federal government emphasized maximum production of farm commodities to ensure a 
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supply of food to feed not only for the American workforce and soldiers, but the allies as 
well (U.S. Congress, 1998; Hurt, 2002). By 1942, there was no more talk of surplus, and soil 
conservation programs were ignored as farmers chose to take advantage of higher prices 
(U.S. Congress, 1998; Cain and Lovejoy, 2004). The market price of corn received by 
farmers was almost continuously above government support levels from 1941 on, and almost 
none of the crop passed into Commodity Credit Corporation hands from 1941 to 1948 
(Benedict and Stine, 1956). A wartime ceiling on corn prices, which was intended to 
maintain the affordability of food, also tended to discourage plantings, resulting in 
government-led efforts to increase the production of other crops, especially soybeans in 1945 
(Benedict and Stine, 1956). 
U.S. Farm Bill policy would make a dramatic shift again as nations that had been 
embroiled in a world war began to recover economically and return land to production. The 
Agricultural Act of 1949 made permanent amendments to the Agricultural Adjustment Act of 
1938, and it reestablished acreage allotments for basic commodities like corn (Benedict and 
Stine, 1956; Hurt, 2002). Production controls and commodity price supports were 
implemented in 1954 and 1955; however, they did little to control surpluses and even less for 
soil conservation (Benedict and Stine, 1956; Green 1990; Cain and Lovejoy, 2004). 
 During the transition from the first policy era to this one, the land area planted to corn 
increased, as 2%, 20%, and 24% more corn was planted in the Dissected Plain, Driftless 
Area, and Glaciated Plain, respectively, from 1939 to 1944 (Fig. 2a). Corn acres increased 
12% in the Dissected Plain but remained stable in the Driftless Area and Glaciated Plain 
from 1944 to 1949. The area planted to corn decreased 14% in both the Dissected Plain and 
Glaciated Plain and remained the same in the Driftless Area from 1949 to 1954 (Fig. 2a). 
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Overall, the respective changes in the area planted to corn and the amount of corn produced 
in the Dissected Plain, Driftless Area, and Glaciated Plain were: -4% and -6%, +2% and 
+10%, and -14% and +7% (Fig. 2a,b). Cropland idled was less than 2% of the land in farms 
in each township during this policy era (Fig. 2c). The land in farms devoted to soil 
conserving uses decreased from 1944 to 1949, and then it increased to 1944 levels in 1954 
(Fig. 2d). 
 Soil conservation practices on the landscape increased dramatically in this policy era 
with grass waterways and vegetative buffers remaining the most common; however, the 
diversity of practices on the landscape began to expand (Table 3). In the Dissected Plain, the 
conservation ratio increased to 0.130, and the type of practices identified grew to include 
farm ponds, terraces, and contour strips. The conservation ratio increased to 0.122 in the 
Driftless Area resulting primarily from a greater number of grass waterways and minor 
increases in vegetative buffers, contour strips, and farm ponds. An increase in grass 
waterways enumerated in the Glaciated Plain also resulted in an increase in the conservation 
ratio to 0.007. 
 
Soil Bank and Food Security: 1956 to 1971  
Mounting surpluses of corn and other feed grains in the fall of 1955 required 
emergency action aimed at bringing supplies into balance with demand at stable prices 
(Green, 1990; U.S. Congress 1998). The Agricultural Act of 1956 created a two-part soil 
bank program that took 12 million hectares out of production nationally (Cain and Lovejoy, 
2004). The first part involved a 1.2 million hectare reserve program, which was in effect for 
three years and was intended to reduce the amount of land planted to the basic price-
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supported crops like corn (U.S. Congress, 1998). By reducing land planted in these crops 
below established allotments, farmers would receive payments for the diversion of such 
acreage to conserving uses (U.S. Congress, 1998; Hurt, 2002). Part two of the soil bank 
program was the conservation reserve, which offered rental payments for retiring other 
cropland acreage or entire farms from production for up to 10 years (U.S. Congress, 1998).  
 The Kennedy Administration requested emergency feed grain legislation because of 
continuing grain surpluses in early 1961 (U.S. Congress, 1998; Hurt, 2002). The Feed Grain 
Adjustment Act of 1961 provided for a voluntary feed grain adjustment program with 
payments made to producers who diverted acreage to conserving uses (Green, 1990; U.S. 
Congress, 1998). The Food and Agriculture Act of 1965 authorized the Secretary of 
Agriculture to enter into 5–10 year contracts with producers who agreed to convert cropland 
into a conserving use in exchange for payments not to exceed 40% of the crop that would 
have been planted (Cain and Lovejoy, 2004). The Agricultural Act of 1970 departed from 
traditional supply control techniques of acreage allotments by setting loan rates near the 
world market price so they did not interfere with commercial export sales (Green, 1990; U.S. 
Congress, 1998). 
 In this policy era, the area planted to corn increased from 1954 to 1959 in each 
township, with increases of 7%, 20%, and 36%, respectively, in the Dissected Plain, Driftless 
Area, and Glaciated Plain (Fig. 2a). From 1959 to 1969, the area planted to corn declined 
20% and 32% in the Dissected Plain and Glaciated Plain, respectively, while the corn 
produced increased 10% and 33% in these townships (Fig. 2a,b). The area planted to corn in 
the Driftless Area decreased by 16% from 1959 to 1964, and then it increased 5% from 1964 
to 1969; however, the amount of corn produced increased 23% in the Driftless Area over the 
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10-year period. The amount of cropland idled increased throughout the 1959–1969 period 
and covered 10%, 12%, and 16% of the land in farms in the Dissected Plain, Driftless Area, 
and Glaciated Plain, respectively, at the end of this era (Fig. 2c). Overall, the land in farms 
devoted to soil conserving uses increased 7%, 0%, and 86% in the Dissected Plain, Driftless 
Area, and Glaciated Plain, respectively, during this policy era (Fig. 2d).  
 The number of soil conservation practices increased in the Dissected Plain and 
Driftless Area (Table 3). In the Dissected Plain, the conservation ratio decreased to 0.062, but 
the number of farm ponds increased over 100% from the previous policy era. The 
conservation ratio decreased to 0.102 in the Driftless Area, but there was an almost five-fold 
increase in contour strips from policy era II. In the Glaciated Plain, the conservation ratio 
decreased to 0.005 and the number of grass waterways declined by 10. 
 
Plant Fencerow to Fencerow: 1972 to 1985  
Agriculture leapt into a new era of industrialization during the 1970s, which was a 
period of rapid expansionism in terms of productivity and export sales (Hurt, 2002). On a 
national scale, many of the gains in soil conservation achieved over the previous 40 years 
were lost as conservation practices were plowed up across the nation (Cain and Lovejoy, 
2004). 
The Agriculture and Consumer Protection Act of 1973 introduced the concept of 
target prices that established guaranteed price levels by the government and deficiency 
payments to qualifying farmers whenever market prices fell below target prices (Green, 
1990; U.S. Congress, 1998). Deficiency payments allowed loan rates to be kept below world 
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market prices, but farm income could be supported at levels sufficient to cover production 
costs (U.S. Congress 1998). 
The Food and Agriculture Act of 1977 introduced the farmer-owned reserve (U.S. 
Congress, 1998). It paid farmers to store their grain when prices were depressed and then 
authorized release when supplies decreased and prices rose sufficiently (Green, 1990). 
Within this market-oriented environment, the Act enabled farmers to manage grain supplies 
in relation to variation in export demand. 
 The reliance on a global market-oriented policy had hidden risks. On January 4, 1980, 
the United States announced a series of sanctions against the Soviet Union for their invasion 
of Afghanistan; one of those sanctions was a grain embargo (Hurt, 1990; U.S. Congress, 
1998). This action, along with changing U.S. fiscal policy, would set in motion the worst 
financial crisis in agriculture since the 1930s (Harl, 1990; Hurt, 2002). The Agriculture and 
Food Act of 1981 was enacted before the ramifications of the emerging crisis were 
understood. Thus, it continued the basic structure of the commodity programs for another 
four years and failed to rectify the situation (Harl, 1990; U.S. Congress, 1998). 
 From 1969 to 1974, the area planted to corn increased 36%, 22%, and 37% in the 
Dissected Plain, Driftless Area, and Glaciated Plain, respectively, and it continued to increase 
throughout this policy era (Fig. 2a). Overall, the respective changes in the area planted to 
corn and the amount of corn produced in the Dissected Plain, Driftless Area, and Glaciated 
Plain were: +5% and +90%, +24% and +120%, and +7% and +51%, respectively (Fig. 2a,b). 
In each township, idled cropland decreased sharply in 1974, increased slightly in 1978, and 
then declined again in 1982 (Fig. 2c). Overall, the land in farms devoted to soil conserving 
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uses decreased 15%, 31%, and 15% in the Dissected Plain, Driftless Area, and Glaciated 
Plain, respectively, during this policy era (Fig. 2d).  
 The conservation ratio increased to 0.150 in the Dissected Plain with major increases 
in the number of grass waterways, farm ponds, vegetative buffers, and contour strips on the 
landscape (Table 3). On the Driftless Area landscape, the conservation ratio declined to 0.070 
as did the number of soil conservation practices counted. However, the number of contour 
strips and farm ponds increased by at least a factor of two. In the Glaciated Plain, the 
conservation ratio increased to 0.007, as more grass waterways and vegetative buffers were 
identified on the landscape. 
 
Budget Concerns and New Approaches: 1986 to 2002  
 Commodity prices and farm incomes were still depressed by the mid-1980s, and 
carryover inventories were reaching record levels when Congress passed the Food Security 
Act of 1985 (Green, 1990; U.S. Congress, 1998). It was the first Farm Bill to have a specific 
title devoted to conservation (Cain and Lovejoy, 2004). New programs included 
Conservation Compliance, Sodbuster, Conservation Reserve, and Swampbuster. 
Conservation Compliance required farmers and landowners to develop a conservation plan 
for highly erodible land with full implementation expected by 1995 in order to remain 
eligible for Farm Bill programs (Cain and Lovejoy, 2004). The Conservation Reserve 
Program (CRP) was designed to pay farmers to retire highly erodible land from production 
for at least 10 years. CRP enrollment reached 15 million hectares of the original 18 million 
hectare goal (Cain and Lovejoy, 2004). Swampbuster was designed to conserve wetlands on 
farms by preventing conversion to production (Cain and Lovejoy, 2004).  
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The Food, Agriculture, Conservation, and Trade Act of 1990 was to be the last of the 
traditional Farm Bills that provided temporary continuing authority for the 1938 and 1949 
Acts (U.S. Congress, 1998). The bill introduced the Wetland Reserve Program and the Ag 
Water Quality Program affecting a total of 4.5 million hectares (Cain and Lovejoy, 2004).  
The Federal Agriculture Improvement and Reform Act of 1996, called the FAIR Act 
represented a radical shift in farm policy. FAIR decoupled income support payments from 
farm prices, replaced deficiency payments with direct compensatory payments, eliminated 
acreage reduction obligations, and provided for greater planting flexibility (U.S. Congress, 
1998). In general, FAIR reinforced market-oriented policies initiated in 1985 and sought to 
reduce government intervention (U.S. Congress, 1998). Title I of this law, named the 
Agricultural Market Transition Act (AMTA) and popularly called “freedom to farm,” 
extended support through 2002 for grain, cotton, and oilseed producers, but completely 
redesigned the support system (U.S. Congress, 1998). Almost all planting constraints on 
farmers participating in these programs were eliminated (U.S. Congress, 1998). FAIR 
continued to support acreage enrolled under the CRP with an emphasis on highly erodible 
lands (U.S. Congress, 1998).  
Commodity and conservation titles continued through the Farm Security and Rural 
Investment Act of 2002. The commodity title provided the same type and level of support 
since 1998 as authorized by FAIR (Edwards, 2002). It did so by maintaining the loan-rate 
and AMTA programs, coupled with rules that determined when the second AMTA (counter 
cyclical) payments were made (Edwards, 2002). The conservation title represented a 
significant increase in public assistance for conservation and environmental practices offered 
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by the Conservation Security Program (CSP) and the Environmental Quality Incentives 
Program (EQIP) (Cain and Lovejoy, 2004). 
We found that the area planted to corn decreased 15%, 26%, and 30% in the 
Dissected Plain, Driftless Area, and Glaciated Plain, respectively, during the transition in 
policy eras from 1982 to 1987 (Fig. 2a). In the Dissected Plain and Driftless Area, the area 
planted to corn increased 10% from 1987 to 1992, and decreased 7% from 1992 to 1997. 
From 1997 to 2002, corn planted in the Dissected Plain increased 13%, but it remained the 
same in the Driftless Area (Fig. 2a). In the Glaciated Plain, the area planted to corn increased 
29% from 1987 to 1992, remained constant from 1992 to 1997, and increased 12% from 
1997 to 2002. The amount of corn produced increased 36% in the Dissected Plain on 
approximately the same area during this policy era (Fig. 2b). In the Driftless Area and the 
Glaciated Plain, the amount of corn produced declined with corn acres from 1982 to 1987. 
As the area planted to corn increased from 1987 to 1992 and then stabilized after 1992, the 
amount of corn produced from 1992 to 2002 increased 19% in the Driftless Area and 
Glaciated Plain. Idled area increased to 11%, 16%, and 14% of the land in farms in the 
Dissected Plain, Driftless Area, and Glaciated Plain, respectively, in 1987 (Fig. 2c). It 
declined to 6% of the land in farms per township in 1992, with the Dissected Plain stabilizing 
at this level and the Driftless Area and Glaciated Plain trending downward through 2002. 
Overall, the land in farms devoted to soil conserving uses decreased 17%, 48%, and 42% in 
the Dissected Plain, Driftless Area, and Glaciated Plain, respectively, during this policy era 
(Fig. 2d).  
 The conservation ratio increased to 0.155 in the Dissected Plain, as the number of 
grass waterways, farm ponds, terraces, and field borders increased (Table 3). However, there 
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was a decline in the number of contour strips and vegetative buffers. In the Driftless Area, 
the conservation ratio increased to 0.160 with substantial increases in each soil conservation 
practice category. The conservation ratio increased slightly 0.008 in the Glaciated Plain 
where grass waterways were most common.  
 
Discussion 
 Our historical comparative results revealed the role of U.S. Farm Bill policy as a key 
driver of landscape change in three Iowa townships from 1930 to 2002. We found several 
common landscape trends across our three study townships, the first of these was an 
alternating pattern between policy eras that either (a) emphasized reducing the area planted to 
corn and increasing the area devoted to conserving uses, which were intended to reduce the 
supply of corn produced; or (b) emphasized corn production, which resulted in more area 
planted to corn and less area devoted to conservation uses. The second common trend was an 
attempt to control production through short-term acreage reduction programs; however, these 
attempts were offset by long-term yield increases of corn. We also found that periodic long-
term land retirement programs were enacted to restrict corn supplies and conserve soil 
resources, and lastly, the increased presence of soil conservation practices on the landscape 
as the intensification of row crop production increased over time. After a brief overview of 
these trends, we will focus our discussion on the “command and control” resource 
management paradigm that appears to have guided U.S. Farm Bill policy during the study 
period.  
 1. The predominant trend revealed by our analysis was the cyclic contraction and 
expansion of the area planted to corn in conjunction with the five farm policy eras (Fig. 2 and 
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Table 2). A contraction cycle, with an emphasis on restricting the area planted to corn and 
increasing the area devoted to conserving uses, began in policy era I and was repeated again 
in policy era III and policy era V (Fig. 2a,d). In policy era II and policy era IV, an expansion 
cycle emphasized production by removing restrictions on the area planted to corn and, by 
default, placed less emphasis on the area devoted to conserving uses (Fig. 2a,d).  
 2. Short-term Farm Bill programs designed to control corn grain production within 
and between cycles were for the most part offset by dramatic increases in corn yields 
throughout the study period (Fig. 2b). Although periodic and widespread droughts, occurring 
in 1934, 1936, in the mid-1950s, 1974, and 1988, helped balance short-term supply and 
demand relationships at strategic times, technological developments and improved 
production practices pushed yields higher in each policy era. For example, corn yields 
increased 50% in policy era I through the introduction and widespread adoption of hybrid 
seed corn (Benedict and Stine 1956). Successive mechanical, petro-chemical, bio-genetic, 
and managerial revolutions pushed corn yields higher after World War II (Heady et al., 1965; 
Tweeten, 1970; Schwieder, 1993; Paarlberg and Paarlberg, 2000). 
 3. Long-term land retirement programs (i.e., Soil Bank, CRP, WRP) were 
implemented following the expansion cycles in policy eras II and IV. Their initial intent was 
to “shock” the agricultural sector into quickly reducing the area planted to corn and to bolster 
the protection of farmland by increasing the area of cropland idled (Fig. 2c). For example, 
when government stocks of corn were especially burdensome in the early 1980s, the CRP 
program was implemented in an effort to remove highly erodible farmland from production 
and to reduce soil erosion. Overall, the area devoted to conserving uses declined in each 
township over the study period (Fig. 2d), and it also was affected by other simultaneous 
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trends occurring in livestock production and in changing crop rotations throughout the study 
period (Chapters 2 and 3). 
 4. Vegetative buffers, grass waterways, and field borders were the most common soil 
conservation practices identified (Table 3). Grass waterways were the most common practice 
in each study township as row crop area increased. Farm ponds and terraces were important 
soil conservation practices applied to the landscape in the Dissected Plain. While contouring 
and stripcropping were not differentiated in our results, they were classified together as 
contour strip and were most commonly identified in the Driftless Area. Overall, the 
conservation ratios increased from policy era I to policy era II then decreased in policy era 
III. This decline indicates less emphasis on applying soil conservation practices to row crop 
land during policy era III. In the Driftless Area, the conservation ratio declined further in 
policy era IV before increasing dramatically in policy era V. The conservation ratio increased 
from policy era III through policy era V in both the Dissected Plain and Glaciated Plain.  
 
“Command and control” paradigm  
 Our objective in this paper was to study the historical outcomes and to understand the 
role of U.S. Farm Bill policy as a key driver of landscape change. From our combined 
analysis, we conclude that Farm Bill policy has revolved around a “command and control” 
(Gunderson, 2000) resource management paradigm intent on isolating and controlling target 
variables (i.e., income stability on farms, commodity supply management, and soil 
protection), while failing to address slow and unintentional changes in other variables (i.e., 
environmental and social landscape factors) of the system resulting in an overall erosion of 
system resiliency (Chapters 2 and 3). For example, these locally observed trends are 
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consistent with national trends that support the hypothesis that commodity program payments 
accelerate structural change given the association between payments per acre and the 
subsequent growth in agricultural concentration (Key and Roberts, 2007). 
 The unintended consequences of command and control resource management arise 
from the presumed predictability of complex systems where it is assumed that systems are 
near equilibrium and that a constancy of relationships exists (Gunderson, 2000). A system’s 
resistance to disturbance and speed of return to a stable equilibrium state are defined as 
resilience. In this sense, resilience is a measure of the perturbation that can be absorbed 
before a system in one state of equilibrium is dislodged into that of another equilibrium state 
(Folke et al., 1996). While resilience itself is non-normative, gains or losses in resilience are 
often perceived by society as desirable or undesirable (Holling, 1973). Thus, as our 
agricultural landscapes vacillated between alternative conditions of row crop contraction and 
expansion, their condition from the beginning to the end had changed. Based on societal 
goals, we interpret these changes as an undesirable loss of resilience (Chapter 2 and 4).  
 The basic premise of U.S. Farm Bill policy—under a command and control resource 
management paradigm—has been to control income variability on farms by stabilizing 
commodity prices through various means of supply management (Bruckner et al., 2005); 
thus, in the language of command and control management, maintain a constancy of 
relationships. This has occurred through incentives and subsidies designed to achieve specific 
objectives regarding commodity supply management and soil erosion rates. The initial Farm 
Bill policies of the 1930s attempted to harness the productive capacity of the nation’s 
agricultural lands while at the same time attempting to safeguard these very resources. 
During the first policy era, farm families and farm businesses essentially shared common 
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goals and faced the same challenges and opportunities (Schwieder, 1993; Kuhn and Offutt, 
1999; Hurt, 2002). Thus, the task of crafting a solution to the 1930s farm problem was rather 
straightforward when farm families lived off earnings mainly from their farms and grew both 
crops and livestock on about the same amount of acreage as their neighbors (Kuhn and 
Offutt, 1999; Chapter 2). The initial success of command and control management in this 
instance was tied to the “one-size-fits-all” approach to supporting basic field crop prices. It 
could be implemented with some confidence and was successful because all farmers grew 
some type of basic field crop (e.g., corn, wheat, cotton, and rice) (Morehart et al., 2000). 
Since most farms were of comparable size, no one segment of the farm population was 
advantaged by a payment program based on the amount of commodity produced (Morehart et 
al., 2000). 
 A New Deal framework for Farm Bill policy existed through the 1990 Farm Bill, 
which was the last to provide temporary continuing authority for the 1938 and 1949 Acts 
(U.S. Congress, 1998). While the formal policy framework had changed, succeeding Farm 
Bills continued to presume a high degree of homogeneity— and constancy of relationships—
across American farms (Kuhn and Offutt, 1999; Morehart et al., 2000) as policies continued 
to subsidize a selected set of agricultural commodities such as corn, wheat, soybeans, cotton, 
and rice. For example, these basic commodities received 89% of the $91.2 billion in 
commodity title payments from 1995 through 2002 with soybeans and corn receiving 56% of 
those dollars (Boody et al., 2005).  
 Yet the conditions under which command and control might lead to efficiencies 
quickly break down when system variability occurs, and we found that the conditions of 
consistency did change over time. By the conclusion of the study period, a heterogeneous 
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structure of part-time and highly specialized farms emerged in our study townships (Chapter 
2) concomitant with homogenization of the physical landscape (Chapter 3). Again these 
trends are consistent with national trends whereby small family farms accounted for 90% of 
the farms in the U.S. but produced 28% of farm output in 2001 (Banker and MacDonald, 
2004). Furthermore, off-farm income was accounting for almost all household income among 
households with less than $100,000 in farm sales. By comparison, large family farms 
accounted for only 7% of farms but 58% of the value of production in 2001, and nonfamily 
farms accounted for another 3% of farms and 14% of the value of production, although 
smaller but still important shares of off-farm income were derived among most households 
with more than $100,000 in farm sales (Banker and MacDonald, 2004).  
 The Farm Bills since 1985 have expanded the use of voluntary incentives and cost-
share instruments to target agroenvironmental degradation through programs such as the 
Conservation Reserve Program (CRP), the Conservation Reserve Enhancement Program 
(CREP), the Environmental Quality Incentives Program (EQIP) and the Wetland Reserve 
Program (WRP) (Khanna and Farnsworth, 2006). These programs have attempted to engage 
farmer and landowners interest in adoption of more environmentally friendly practices by 
providing financial incentives or “green payments” to change observable choices, such as 
land use, the level of input use, and technology (Khanna and Farnsworth, 2006). 
 Overall, this analysis of landscape change suggests that to some degree Holling and 
Meffe (2002), in their review of command and control management as applied in natural 
resource settings, were correct. The success of command and control Farm Bill policies was 
short-lived. Over the longer term, Farm Bill policies, like many other natural resource 
policies, lost sight of their primary purpose. In the case of Farm Bills, this purpose has been 
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to harness the productive capacity of the nation’s agricultural lands while at the same time 
safeguard those resources. 
 
Implications 
 The impacts of drivers of landscape change tend to be hidden from human temporal 
perception because they occur over the course of decades and their effects lag years behind 
causes. Therefore, a primary goal of long-term historical research is to uncover “the invisible 
present” (Magnuson, 1990). From our 72-year review, we have uncovered that U.S. Farm 
Bill policy has played an important role in controlling target variables (i.e., income stability 
on farms, commodity supply management, and soil protection) during a time of tremendous 
agricultural change. However, it has been largely ineffective on non-target variables (i.e., 
environmental and social landscape factors) that have become more important today.  
 Because there is a growing sense that new Farm Bill policy approaches are needed to 
facilitate the transition to and sustainability of the bioeconomy (Jordan et al., 2007; Donner 
and Kucharik, 2008; Groom et al., 2008; Robertson et al., 2008; Secchi et al., 2008), an 
approach that engages multidisciplinary science for natural resources management is more 
likely to address the once non-target variables that are now visibly important (Cassman, 
1999; Pretty et al., 2001; Donner, 2003; Foley et al., 2007; Kiers et al., 2008). An emerging 
approach known as adaptive management may provide a new direction. Gunderson (2000) 
calls it adaptive because “it acknowledges that the natural resources being managed will 
always change, so humans must respond by adjusting and conforming as situations change” 
(p. 433). Adaptive management acknowledges that human policies designed to meet social 
objectives must be continually modified and flexible for adaptation to these changes 
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(Gunderson 2000). It views policies as hypotheses; in other words, most policies are actually 
questions masquerading as answers, and since policies are questions, then management 
actions become treatments on the landscape (Gunderson 2000). 
 Given the rapid movement of agriculture into the energy sector, the increased 
intensification of corn production to satisfy new demand, and the amount of land removed or 
expected to be removed from the CRP program, we contend that U.S. agriculture is 
transitioning into policy era VI, which so far has been shown to be consistent with the 
previous expansion cycles of policy eras II and IV (Table 2). As the bioeconomy continues to 
expand to utilize biomass feedstocks, there may be opportunities to establish new crop 
alternatives and cropping systems (DOE/USDA, 2008). Perhaps through an adaptive 
management approach to Farm Bill policy, a cyclic contraction can be avoided in the 
forthcoming policy era.  
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Table 1. Dates of aerial photographs for determination of soil conservation practice 
implementation per study area.  
 
 Aerial Image Dates 
Town–Township Policy Era I: 1930–1941 
Policy Era II: 
1942–1955 
Policy Era III: 
1956–1971 
Policy Era IV: 
1972–1985 
Policy Era V: 
1986–2002 
Orient–Orient 1938 1954 1970 1983 2002 
Bloomfield–Delmar 1937 1951 1969 1984 2002 
Denmark–Ringsted 1939 1953 1972 1985 2002 
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Table 2. Farm Bill policy response to general trends occurring in U.S. agriculture during 
policy eras.  
 
Objective 
Policy Era  
I:  
1930–1941 
Policy Era 
II:  
1942–1955 
Policy Era 
III:  
1956–1971 
Policy Era 
IV:  
1972–1985 
Policy Era 
V:  
1986–2002 
Policy Era 
VI:  
2002 – 
     
 
 
Acreage and supply 
reduction  X  X  X  
 
Increase soil 
conserving crops 
 
X 
 
X 
 
X 
 
Maximize production 
 
X 
 
X  ?? 
 
Introduce new crops 
 
 
X 
  
 ?? 
Long-term land 
retirement   X  X  
       
Sources: Benedict and Stine, 1956; Green, 1990; Schwieder, 1993; U.S. Congress, 1998; Hurt, 2002; Cain and 
Lovejoy, 2004; Claassen et al., 2008. 
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Table 3. The number of conservation practices identified from historic aerial photographs in 
each study area and the conservation ratio. 
 
Dissected Plain 
 
Aerial image date 
 
1938 1954 1970 1983 2002 
Conservation practice 
     
 Veg. buffered area 33 10 12 51 7 
 Contour strip 0 15 15 28 19 
 Grass waterway 60 108 98 497 535 
 Farm pond 0 35 74 103 120 
 Field border 0 0 0 0 5 
 Terrace 0 17 21 28 89 
 Total count 93 185 220 707 775 
Conservation ratio 0.042 0.130 0.062 0.150 0.155 
 
Driftless Area 
 
Aerial image date 
 
1937 1951 1969 1983 2002 
Conservation practice 
     
 Veg. buffered area 25 27 31 30 53 
 Contour strip 1 5 24 48 61 
 Grass waterway 263 321 337 244 824 
 Farm pond 0 2 10 24 34 
 Field border 0 0 7 12 19 
 Terrace 0 0 2 2 7 
 Total count 289 355 411 360 998 
Conservation ratio 0.071 0.122 0.102 0.070 0.160 
 
Glaciated Plain 
 Aerial image date: 
 
1939 1953 1972 1985 2002 
Conservation practice 
     
 Veg. buffered area 15 16 15 22 15 
 Contour strip 0 0 0 0 1 
 Grass waterway 2 29 19 36 45 
 Farm pond 0 0 1 1 1 
 Field border 0 0 0 0 0 
 Terrace 0 0 0 2 2 
 Total count 17 45 35 61 64 
Conservation ratio .004 .007 .005 .007 .008 
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Figure 1. Location of study townships within Iowa counties and major land resource areas; 
small town falling within township also shown. Inset: Location of Iowa within the 
Midwestern U.S. 
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Figure 2. Change per township across policy eras in A) land area planted to corn, B) corn 
grain produced. 
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Figure 2 (continued). C) land area idled, and D) land area in conserving uses. 
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Appendix: Preambles of Select U.S. Farm Bills 
Agricultural Adjustment Act of 1933 
To increase agricultural purchasing power, to provide emergency relief with respect to agricultural indebtedness. 
 
Agricultural Adjustment Act of 1938 
To provide for the conservation of national soil resources and to provide an adequate and balanced flow of 
agricultural commodities in interstate and foreign commerce and for other purposes. (Plus the income support of 
the 1933 Act.) 
 
Agricultural Act of 1948 
To stabilize prices of agricultural commodities. 
 
Agricultural Act of 1949 
To stabilize prices of agricultural commodities. 
 
Agricultural Act of 1956 
To protect and increase farm income, to protect the national soil, water, and forest and wildlife resources from 
waste and depletion, to protect interstate and foreign commerce from the burdens and obstructions which result 
from the utilization of farmland for the production of excessive supplies of agricultural commodities, and to 
provide for the conservation of such resources.  
 
Food and Agricultural Act of 1965 
To maintain farm income, to stabilize prices and assure adequate supplies of agricultural commodities, to reduce 
surpluses, to promote foreign trade, to afford greater economic opportunity in rural areas. 
 
Agricultural Act of 1970 
To establish improved programs for the benefit of producers and consumers of dairy products, wool, wheat, feed 
grains, cotton, and other commodities, to extend the Agricultural Trade Development and Assistance Act of 
1954, as amended. 
 
Agricultural and Consumer Protection Act of 1973 
To extend and amend the Agricultural Act of 1970 for the purpose of assuring consumers of plentiful supplies of 
food and fiber at reasonable prices. 
 
Food and Agriculture Act of 1977 
To provide price and income protection for farmers, and assure consumers of an abundance of food and fiber at 
reasonable prices. 
 
Agriculture and Food Act of 1981 
To provide price and income protection for farmers, assure consumers an abundance of food and fiber at 
reasonable prices, and continue food assistance to low-income households. 
 
Food Security Act of 1985 
To extend and revise agricultural price support and related programs, to provide for agricultural export, resource 
conservation, farm credit, and agricultural research and related programs, to continue food assistance to low-
income persons, to ensure consumers an abundance of food and fiber at reasonable prices, and for other 
purposes. 
 
Food, Agriculture, Conservation, and Trade Act of 1990 
To extend and revise agricultural price support and related programs, to provide for agricultural export, resource 
conservation, farm credit, and agricultural research and related programs, to ensure consumers an abundance of 
food and fiber at reasonable prices. 
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Agricultural Market Transition Act of 1996 
To authorize the use of binding production flexibility contracts between the United States and agricultural 
producers to support farming certainty and flexibility while ensuring continued compliance with farm conserva-
tion and wetland protection requirements; to improve the operation of farm programs for milk, peanuts, and 
sugar. 
 
Farm Security and Rural Investment Act of 2002 
To support the production of a reliable, safe, and affordable supply of food and fiber; to promote stewardship of 
agricultural land and water resources; to facilitate access to American farm products at home and abroad; to 
encourage continued economic and infrastructure development in rural America; and to ensure continued 
research to maintain an efficient and innovative agricultural and food sector. 
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CHAPTER 5 
GENERAL CONCLUSIONS 
 The overall goal of my dissertation research was to uncover “the invisible present’ by 
identifying the patterns and relationships of landscape and rural community change in three 
rural Iowa townships between 1930 and 2002. Because there was a dearth of quantitative or 
empirical work from which to build a solid research foundation, three primary objectives 
were established and formed the premise of three research articles. In Chapter 2, the 
objective was to holistically understand the impacts of simplified, intensive agroecosystems 
on people and the land by viewing agricultural landscapes as linked socio-ecological systems 
and investigating the strength of linkages between agroecosystem and farm community 
change over time. In Chapter 3, the magnitude, rate, and direction of change in land cover 
was assessed to understand how landscape diversity and spatial complexity have changed 
over time. In Chapter 4, the objective was to understand the role of U.S. Farm Bill policy as a 
key driver of landscape change on land-use and land-cover change over five policy eras. 
 A comparison of the study townships as socio-ecological systems revealed that (1) 
technological advances appear as a key driver of increased agroecosystem scale and, hence, 
are a source of disequilibrium within the farming community, (2) natural resource constraints 
are a limiting factor in achieving certain economies of scale within agroecosystems, (3) 
livestock numbers on farms are important to maintaining farm community vitality, and (4) 
social structure or stability of the farming community is a function of the degree to which 
agroecosystem simplification has occurred over time. These results suggest that 
heterogeneous agricultural landscapes, which include livestock as major components, foster 
community vitality and may offer more opportunities for the younger farmers.  
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 An assessment of the three townships as distinct agricultural landscapes revealed that 
(1) technological advances appear as a key driver of increased agroecosystem scale and, 
hence, are a source of disequilibrium in terms of spatial heterogeneity; (2) fewer natural 
resource constraints have led to landscape homogenization as annual row crops are produced 
more intensively; and (3) the loss of strategic market center infrastructure on the landscape 
over time may affect the ability of rural trade areas to respond to new opportunities. There 
are concerns that such homogeneous agricultural landscapes reduce agroecosystem stability, 
increase the ecological footprint of agriculture, and diminish opportunities for the next 
generation of farmers. Initiatives that foster the diversification rather than the further 
homogenization of agricultural landscapes may be more likely to achieve the common goal 
of enhancing agroecosystem sustainability.  
 The historical-comparative results of U.S. Farm Bill policy as a key driver of 
landscape change revealed several common trends across the three study townships. The first 
of these was an alternating pattern between policy eras that either emphasized reducing the 
area planted to corn and increasing the area devoted to conserving uses, which were intended 
to reduce the supply of corn produced, or emphasized corn production, which resulted in 
more area planted to corn and less area devoted to conservation uses. The second common 
trend was an attempt to control production through short-term acreage reduction programs; 
however, these attempts were offset by long-term yield increases of corn. Periodic long-term 
land retirement programs also were enacted to restrict corn supplies and conserve soil 
resources. Lastly, the presence of soil conservation practices increased on the landscape as 
the intensification of row crop production increased over time.  
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 While farmers or farming communities cannot be expected to “turn back the clock” 
on time and technology, the reconstruction of historic landscape change within the study 
townships points to initiatives that foster the diversification rather than the further 
homogenization of agricultural landscapes in efforts to achieve the common goal of 
enhancing rural vitality. Thus, opportunities for the future include reintegrating livestock and 
crop enterprises to once again capture production synergies; introducing more crops or 
different cropping systems, consistent with the natural resource limitations of agricultural 
landscapes, to support existing or emerging markets for food, fiber, and fuel; and assisting 
rural communities to assess infrastructure needs in support of existing or emerging markets 
for agricultural goods and services. 
 To facilitate these new opportunities, a new approach to U.S. Farm Bill policy is 
needed. Historically, U.S. Farm Bill policy has employed a “command and control” resource 
management paradigm intent on isolating and controlling target variables (i.e., income 
stability on farms, commodity supply management, and soil protection). At the same time, 
non-target variables (i.e., environmental and social landscape factors) have unintentionally 
been allowed to slowly change, resulting in the overall erosion of agroecosystem resiliency. 
Because there is a growing sense that new Farm Bill policy approaches are needed to 
facilitate the transition to agricultural sustainability, methods that engage broader stakeholder 
groups and multidisciplinary perspectives are more likely to address the once non-target 
variables, for example, environmental degradation and rural community decline, that are now 
visibly important. Relinquishing command and control and instead adopting an adaptive 
management strategy, which would acknowledge that human policies are designed to meet 
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social objectives and must be continually modified and be flexible for adaptation to changing 
conditions, may provide the solution.  
